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PREFACE 


This report is one of several papers which are being published by the 
Department of Energy, Mines and Resources as background studies to An _ Energy 
Strategy for Canada - Policies for Self-Reliance. The others include papers 


on conservation, resources and capital requirements. 


This report on energy demand provides a detailed documentation of the 
approach, assumptions and results that were contained in the Strategy Report, 
without attempting to modify those projections or provide a current 'best- 
guess' forecast of future Canadian energy demands. Accordingly, -it. as 
primarily directed at a relatively specialized audience -- those who are 
themselves involved in energy modelling and who are interested in the techni- 
cal aspects of how the Strategy Report demand projections were put together, 
as well as those who have a broader interest in energy but who wish to obtain 
more details of the EMR projections. 


Another objective is the presentation of a rational and consistent demand 
modelling framework which facilitates the rapid and systematic evaluation of 
the implications of alternative energy-related assumptions. As an indication 
of how this tool can be applied, the report presents some illustrative projec- 
tions to the year 1990 which give an indication of the sensitivity of energy 
demands to different assumptions about relative prices, economic activity, 
technological change and interfuel substitution. 


A final goal is to create more informed public discussion of energy policy 
issues in general, and energy demand projections in particular. It is hoped 
that the demand framework put forward in this report can serve as the basis 
for suggestions from across Canada on ways to improve the methodology and 
assumptions of our energy demand projections. This discussion should help to 
avoid unnecessary duplication of effort and lead to a better understanding of 
the forces which influence Canada's energy system. 
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RESUME 


Le present rapport sur la demande énergétique traite en profondeur de l'approche, des 
hypotheses et des resultats exposés dans le document "Une strategie de l'énergie pour le 
Canada - Politique d'autonomie" (EMR 1976), sans tenter de modifier ces projections ou 
de mettre a jour les previsions établies a partir de la "meilleure approximation" de la 
demande energetique future au Canada. Le rapport vise, en tout premier lieu, un public 
relativement spécialisé, clest-a-dire les personnes habituées a établir des modeles 
energetiques et interessees aux aspects techniques de la méthode utilisée pour 
rassembler les projections de la demande contenues dans le rapport de stratégie de 
l'energie mentionne ci-dessus; de plus, il s'adresse aux personnes désirant malgré un 
interét plus general pour l'énergie, en savoir davantage sur les projections de "EMR. 


L'approche adoptée par le ministere de l'Energie, des Mines et des Ressources pour 
évaluer la demande energétique future est un procédé "déductif" qui consiste a prévoir 
d'abord la demande éenergétique globale pour chacun des secteurs d'utilisation finale dans 
chaque region. Cette approche est fondée sur le principe que la demande d'énergie est 
etablie a partir de la demande d'autres biens et services selon les prix relatifs, l'activité 
economique et la situation technologique. Elle tient compte du fait que diverses sources 
d'energie peuvent tres facilement se remplacer pour de nombreux usages. Un cadre de 
modeélisation detaillé de la demande énergétique réunit toutes ces considérations et 
assure la souplesse necessaire a une analyse rapide des différentes hypotheses. Ce 
modele rend egalement possible l'étude logique de différentes sources d'énergie dans un 
contexte d'energie globale, le tout sujet a un ensemble uniforme d'hypothéses. 


Le rapport traite de projections fondées sur un certain nombre d'hypothéses, dont les 
deux plus importantes sont li€es aux prix de l'énergie et aux niveaux di'activité 
economidque. 


Il existe deux différentes hypotheses en ce qui concerne les prix de l'énergie: les 
scenarios prix eleve et bas prix. Dans les deux cas, le prix du gaz naturel est supposé 
augmenter jusqu'a ce qu'il atteigne, d'ici 1980, une valeur marchande équivalente a celle 
du pétrole brut au point de livraison a Toronto. L'hypothese du scénario bas prix présume 
que les prix réels en vigueur au Canada, a la fin de l'année 1975, pour le pétrole, le 
charbon et l'électricité, demeureraient les mémes pendant toute la période visée. Par 
contre, le scénario prix élevé suppose que les prix du charbon et de l'électricité 
augmenteraient au méme rythme que celui du pétrole, ce dernier devant s'aligner sur le 
prix du marché international (selon les niveaux réels courants) d'ici l'été de 1978. 


Les scénarios d'ordre économique étudiés ci-haut présentent deux hypotheses: croissance 
élevée et croissance faible. Le premier cas suppose que les annés 1980 annonceront un 
retour a la vitalité économique vécue au cours des années 1960; tandis que le deuxieme 
cas présume un ralentissement de !'économie par suite d'un fléchissement des taux de 
croissance démographique et de productivité. 


En raison de I'approche utilisée et du fait que les erreurs dans les €quations des 
projections régionales ont tendance a se compenser, il vaut peut-€tre mieux se fier 
davantage aux estimations globales de l'énergie, a |'échelle nationale, qu'aux résultats 
obtenus pour des combustibles distincts ou des régions particulieres (dans le cadre méme 
des hypothéses susmentionnées). Toutefois, le rapport contient le détail de tous les 
résultats afin de fournir des indications sur les éléments des totaux nationaux et de 
permettre la discussion et le perfectionnement des hypotheses. 


Selon les hypothéses posées, les projections révélent un taux moyen de croissance de la 
demande d'énergie primaire au Canada variant entre 3,7 et 4,9 %. Cependant, il est sans 
doute plus significatif de relier ces projections énergéetiques au taux de croissance de la 
population ou de !'économie, puisque la politique energetique du Canada exerce une 
influence restreinte sur ces domaines. En ce qui concerne la demande d'energie primaire 
par habitant, la croissance prévue varie entre 2,3 et 3,1 % par annee. Pour ce qui est de 
l'énergie primaire par dollar du produit intérieur reel (PIR), les prévisions indiquent une 
augmentation de l'efficacité oscillant entre 0,2 et | % par annee. 


Les résultats donnent aussi une mesure de la_ sensibilité prévue de la demande 
énergétique selon les différentes hypotheses. L'augmentation prévue de 50 % du prix du 
pétrole brut a la téte du puits, soit de $8 a $12 le baril (en dollars de 1975), accompagnée 
d'une hausse parallele du prix des autres sources d'énergie, ameénera une diminution 
relativement modeste de 6,8 % de la consommation d'énergie primaire en 1990. Si l'on 
suppose pour le scénario de base, une double sensibilité de la demande d'énergie par 
rapport aux prix de chaque secteur d'utilisation finale sensible aux prix, il en résulte une 
diminution supplémentiare de 11,5 % de la consommation d'énergie primaire en 1990. 


Augmenter le taux de croissance du revenu national (par exemple un PIR de 16,5 % de 
plus, en 1990) fait hausser la consommation d'énergie (10,6 %), mais il semble que 
certaines améliorations de l'efficacité compensent cet accroissement. Si l'on révise les 
hypotheses retenues quant a la répartition de la population nationale et de la croissance 
économique selon les régions, envisager une croissance plus forte que celle admise dans 
les hypotheses de base pour les Prairies, le Québec et les provinces Maritimes changerait 
sensiblement les projections énergétiques au niveau régional, mais ne modifierait guere 
les totaux nationaux. 


La derniere expérience entreprise suppose toutes les inefficacités de la consommation de 
combustible au stade de |'utilisation finale réduites de 25 % d'ici a 1990. Il en résulte une 
réduction prévue de 12,5 % dans la demande primaire globale, les conséquences les plus 
importantes se faisant sentir dans le secteur des transports et, par conséquent, dans la 
demande de pétrole. 


Les résultats présentés dans le présent rapport ne portent pas de fa¢on explicite sur les 
mesures d'économie de I'énergie, sauf que l'effet des prix s'y trouve inclus. 
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Chapter 1 


INTRODUCTION 


In April 1976, the Government of Canada 
published the policy report on energy 
entitled An Energy Strategy for Canada: 
Policies for Self-Reliance (referred to here 
as the Strategy Report). In that report, 
there were a number of projections of possi- 
ble patterns of energy demands over the next 
fifteen years. There was also a brief 
discussion of the method by which those _ pro- 
jections were made, as well as an _ overview 
of the major assumptions which underlay them. 


The present report provides further  back- 
ground to those demand projections. It 
contains a more detailed account of the 
approach, the data, the model, the assump- 
tions and the results which were presented 
in the Strategy Report. It also provides 
more extensive information on the _ sensi- 
tivity of the projections to differences in 
assumptions, as well as a discussion of the 
work underway to revise and extend the orig- 
inal model. 


The projections contained in this report, as 
mentioned above, are identical with those 
published in the Strategy Report. They are 
not intended to be an up-to-date EMR fore- 
cast of future energy demands nor to cover 
the same range of conservation potential as 
those presented in another Strategy Report 
background paper on. energy conservation. 
Economic incentives are an important part of 


the analyses discussed here, but the 
approach is not limited to any single objec- 
tive, such as minimizing energy demand. The 


total energy framework which forms the basis 
of these projections explicitly recognizes 
the dependence of energy demands on the con- 
sumption of other goods and services through 
linkages to economic and demographic vari- 
ables; it incorporates the effects of energy 
prices and technologies; and it pays partic- 
ular attention to the critical importance of 
interfuel substitution. The purpose of this 


report, therefore, is not to estimate what 
minimum energy demands might be, but rather 
to provide a better understanding of the 


factors which determine those demands. The 
projections which it puts forward are not so 


much intended to be forecasts of what will 


happen, as conditional projections of what 


could happen under a variety of circum- 
ae ey ot cereul 
stances. 


The results do not take any major struc- 
tural, non=-price conservation measures 
(e.g., automobile mileage standards, build- 
ing codes) into account. For the most part, 
it is assumed that energy consumers will 
continue to respond to changes in energy 
prices to the same extent they have done in 
the past. These price-induced changes in 
demand can be substantial. Higher energy 
prices can have the effect of encouraging 
consumers not only to reduce waste, but also 
to substitute other products or inputs for 
energy. Changes in the relative price 
levels of different fuels can lead to  sub- 
stitution of cheaper fuels for more 
expensive ones. 


The price mechanism, therefore, despite any 
imperfections of the market system in which 
it works, is nonetheless a powerful tool for 
influencing the behaviour of consumers as 


well as producers of energy. The present 
report attempts to estimate the magnitude of 
these effects on future energy demands. To 


the extent that further steps can be taken 
to make the market system function more 
smoothly and rapidly in response to energy 
price signals, it should be increasingly 
possible to rely on energy demand management 
policies to ease the transition to new 
energy circumstances. 


The Canadian energy sector is a complex 
system which not only encompasses a wide 
variety of interactions within the sector 
(e.g., the effects of energy prices on sup- 
plies and demands), but which also involves 
a high degree of interdependence with the 


rest of the economic system (e.g., incomes, 
inflation, trade). The analysis of these 
complex interrelationships for purposes of 
evaluating alternative energy policies 


requires an analytic framework of sufficient 
detail and flexibility to encompass a_ broad 
range of potential policy issues. Ideally, 


such a framework should integrate both the 
supply and demand sides of the energy system 
within the context of the overall economy. 


This report contains a description of a _ pre- 
liminary model which is currently used by 
the Department of Energy, Mines and 
Resources (EMR) to project energy demands 
over a medium-term, fifteen year period. 
This model ins turn, 1S. (part weot sa. wbrhodder 
analytic framework, still under development, 
which is directed at a consistent examina- 
tion of alternative energy policies as _ they 
affect the rest of the energy system (i.e., 
the supply side) and the economy as a whole. 


Because the projection period is relatively 
long, a large part of the emphasis in the 
development of the demand framework has_ been 
to facilitate an assessment of the sensi- 
tivity of demands to changes in such 
important factors as the price +of energy, 
the pace and the direction of technological 
advance, and the nature and extent of inter- 
fuel competition. some notion of the 
magnitudes of a variety of these sensitivi- 
ties is presented in Chapters 7 and 8. 


There are, of course, risks in making pro- 
jections of future energy demands. The 
projections can be only as good as_ the 
assumptions which underlie them (and the 
data on which they are based). Because 
almost all assumptions about the future’ turn 
out, after the fact, to be wrong, so do the 
projections. This does not mean, however, 
that all projections are useless or that 
resources devoted to making projections are 
wasted. On the contrary, these kinds of 
analyses can provide ranges of possible out- 
comes and quantitative indications of cause 
and effect which are extremely useful in 
formulating appropriate policies to manage 
Canada's energy resources. They emphasize 
the need to retain flexibility to be able to 
adapt to patterns of future events’ which, 
almost certainly, will turn. out to be 
different than those now thought to be 
probable. In a sense, the analytic process 
is more important than any specific projec- 
tion. 


Perhaps the clearest example of the 
potential risks and benefits of demand 
projections in the energy field in Canada 
was the publication, in the summer of 1973, 
of An Energy Policy for Canada, Phase I. In 
that report, international crude oil prices 
were projected to reach only $7.00/bbl. (in 
1972. $) by the year 2000. As it turned 
out, OPEC oil prices passed that mark by 
January 1974. While it is unlikely (by 
definition) that any reasonable set of 


projections made prior to the ‘oil-crisis' 
of 1973 would have included price increases 
of the magnitude of those which actually 
occurred, the existence of an operating 
framework to estimate future demands (as 
opposed to the numerical projections them- 
selves) would have materially assisted in a 
more rapid appreciation of their implica- 
ULONS< 


The focus of this report is energy demand. 
This is to be distinguished from terms’ such 
as requirements, needs, use, sales or con- 
sumption which are often used in energy 
studies. What the present framework allows 
is the “projection, ~forssany~ -2ivens sev riot 
assumptions about prices and economic activ- 
ity, of what energy users would consume in 
the absence of supply constraints. There 
are no value judgments included in these 
projections which could allow them to be 
interpreted as needs. Moreover, in the 
sense that the term requirements has a 
connotation of technological necessity, or 
essentiality, it is quite different from the 
basic economic concept of substitutability, 
at a price, underlying the present emphasis 
on demand. 


One of the major objectives of this 
publication. 1s, theyistimulation; ots public 
discussion. While every effort has been 
made to produce the best framework for 
demand analysis and use the most reasonable 
assumptions, there remain shortcomings. 
some of these are already in the process of 
being resolved. Others, because of their 
nature, may never be overcome in a fully 
satisfactory way. By making details of all 
of the assumptions and models available, 
however, it is hoped that suggestions for 
better methods and assumptions will be 
forthcoming, and that further work (both 
inside and outside government) can proceed 
to improve the existing base, with a minimum 
duplication of effort. 


Chapter 2 describes the fundamental ‘total 


energy' approach taken by EMR in the _ pro- 
jection of energy demands. The basic point 
of departure is the explicit recognition 
that the demand for energy is derived from 
the demand for other goods and _ services 
(ecg. warmth, transportation). This 
implies that, over a long time period and 
over a wide range of uses, alternative 
energy sources are highly substitutable, 
with market shares at any time determined on 
the basis of past histories of alternative 
fuel prices, technology and relative 
supplies, and possibly also on the basis of 
expectations of future prices and availabil- 
ities. The approach adopted, consistent 


with this philosophy, is to project total 
usable energy demands (expressed in terms of 
the calorific values of all energy sources 
actually used) to satisfy a projected level 
of demand for goods and services for identi- 
fiably distinct end uses, under given 
technologies. These demand projections are 
then adjusted on the basis of the institu- 
tional characteristics of our energy supply 
and conversion systems in order to estimate 
future demands for specific energy sources. 


Chapter 3 provides a description of the data 
used and a brief historical perspective on 
Canadian energy consumption. It illustrates 
why some methods of analysis are not fea- 
sible and it underlines the shortcomings of 
existing data. The essence of the demand 
model is outlined in Chapter 4 which con- 
Cains asa, description Vof the econometric 
equations which are used to project energy 
demands in the different sectors. This 
chapter also discusses the hypotheses that 
were made, the statistical estimates and a 
variety of auxiliary problems. 


Chapter 5 shows how all the pieces fit 
together into a simulation model. Lt 
provides a verbal notion of how the computer 
program (listed in Appendix B) performs a 
typical calculation, and of the nature of 
the assumptions necessary to get it all 
going. 


Chapter 6 describes the major assumptions 
underlying the projections published in the 
Strategy Report. In addition to those 
'default' assumptions which remain the same 
from one projection to another, this chapter 
discusses in more detail the alternative 
assumptions about future energy pricing 
policies which were examined, as well as the 
rationale for the different assumptions on 
rates of economic growth. The results of 
these assumptions are contained in Chapter 7, 
which also provides some of the details of 
the demand projections that were not con- 
tained in the Strategy Report. 


Chapter 8 provides an indication of how sen- 
sitive these projections are to changes in 
some of the key assumptions. The changes 
are made relative to the international price 
- lower economic growth base case* which is 
used as the '‘control' for those experi- 
ments. The basic areas examined in this 
chapter include: higher price elasticities, 
faster price response patterns, new technol- 
ogy for improved energy efficiency, and 
alternative assumptions about the regional 
Shares of national economic activity. 


The status of work currently underway in EMR 
to improve the energy demand modelling 
framework is discussed in Chapter 9. It 
also summarizes the areas in which further 
work is required, and where extensions are 
possible. 


Chapter 10 summarizes the report and pre- 
sents the principal conclusions based on it. 


Annex I provides more details of some of the 
Special adjustments to the equations and 
numerical assumptions which were found to be 
necessary to generate ‘'reasonable' demand 
projections. Annex II outlines some specif- 
ic areas in which work is planned to improve 
the existing EMR energy demand model. Annex 
III provides some definitions of the compon- 
ents of energy demand discussed in this 
report. 


Finally, the Appendices, which are grouped 
together in a separate volume, provide a 
more technical description of the computer 
programs and how they may be _ used. These 
appendices are designed to aid researchers 
who may be interested in applying the EMR 
energy demand model to their own work. In- 
terested readers will also find in the 
appendices a listing of the energy data 
series that have been accumulated, in 
machine-readable form, in the course of this 
project, and that can be obtained from EMR . 


ee 


* Details of which are presented in 


Chapter 7. 


Chapter 2 


A TOTAL ENERGY APPROACH 


The approach adopted by EMR for energy 
demand projections can be described as a 
"top-down' method. It starts by making a 
forecast of the total energy demanded by 
each of seven end-use sectors (e.g., resi- 
dential, commercial) in each of five regions 
of Canada. For each sector in each region, 
this total demand is then sub-divided into 
demands for twelve specific fuels. Finally, 
these specific fuel demands are added up, 
converted to their primary form Ce. oe. 
electricity from fossil fuels), and added to 
the demands for energy resources in non- 
energy applications (e.g., petrochemicals) 
to arrive at a comprehensive forecast of 
total demand for energy resources -- with a 
considerable quantity of auxiliary detail. 


A. TOTAL ENERGY 


The analysis presented here begins from _ the 
fundamental proposition that the demand for 
energy is a derived demand. This means that 
people do not demand energy because of any 
intrinsic utility it possesses, but rather 
because it is essential in the provision of 
goods and services deemed necessary or 
desirable. This characteristic of energy 
demand is readily understandable in end-use 
sectors such as the industrial sector, where 
energy is used as an input into the _ produc- 
tive process. In this sector, the demand 
for energy, as is the case with the demand 
for any other input, is roughly determined 


by* the level’ “of “the industry‘s output, 
together with a technologically-based 
production funetion and relative factor 


prices. 


The inherently derivative nature of the 
demand for energy, however, is also a 
characteristic of other end uses. A desire 
on the part of an individual consumer’ to 
surround himself with a ‘comfortable' 
environment will result in a demand for 
energy that in turn depends on: 


i the level of comfort desired (output); 
ii the alternate means by which that 


comfort can be provided (the production 
function); and 


iii information on the relative costs of 
the alternate means to achieve that 
level of comfort (relative prices). 


One of the implications of recognizing that 
the demand for energy is ultimately derived 
from demands for other goods and services is 
that, over a wide range of uses, different 
energy sources may be highly substitutable 
(depending on the current state of technol- 
ogy). in such’) cases, “ttre is =possivle co 
consider the demand for an amorphous’ energy 
commodity required to provide a menu of 
goods and services distinct from the demands 
for the specific energy sources or fuels 
from which that energy will be derived. In 
this study, the unit of measurement of 
energy that has been chosen is, by con- 
vention, the British Thermal Unit, or BTU*. 


The potential for interfuel substitution is 
an important reason for choosing a_ total 
energy approach. Le is NOG. however, 
necessary that a high degree of substitut- 
ability amons “fuels exists mw foresit eecOmeDe 
valid. For some end uses where one fuel, 
say, electricity is the only possible source 
of energy, forecasting total end-use demand 
with a 100% electricity market share amounts 
to the same thing as forecasting the demand 
for electricity in that particular use. The 
total energy approach, however, carries with 
it the virtue of allowing the forecast to 
focus specifically on the longer term 
technological possibilities for interfuel 
substitution. 


This separation of the problem into two 
components -- demand for total energy, and 
interfuel substitution -- takes advantage of 
the fact that the price elasticity of demand 


* A BIU) as. definedigcas . the (quantity, of 
energy required to raise one pound of 
water one degree Fahrenheit. The method 
of analysis is not dependent upon choice 
of unit, and could equally well have been 
based on the calorie or joule, or a 
fuel-based unit such as tons of oil 
equivalent. 


for total energy appears to be much lower 
than that for particular energy sources. Iw, 
also allows estimates of interfuel substitu- 
tion to be made which can take full account 
of changes in relative fuel costs. More- 
over, errors which may be made in projecting 
the demands for individual fuels are not 
allowed to cumulate into unreasonable 
projections of total energy demand. REPS 
in this sense that the total energy approach 
is usually more consistent than a projection 
built up from individual fuel projections*. 


In general, previous attempts to forecast 
energy requirements over any lengthy horizon 
proceeded by attempting to isolate past 
trends in energy consumption and to 
correlate these trends to measures of aggre- 
gate activity and relative prices. With few 


* This approach is also supported by the 
findings of a recent U.S. congressional 
mepori.e  .nvan- analysis® 1of fifty U.S: 
energy studies produced between 1960 
and 1975, the report distinguishes 
between a "building-block! and a 
"subdivision! approach to deriving 
energy projections. As their names 
imply, a building block method adds up 
components to reach a total, while a 
subdivision method starts with the 
total and disaggregates the compo- 
nents. After pointing out some of the 
problems of both approaches, the report 
goes on to state: 


" >... probably the most appropriate 
selection is building block for 
consuming sectors” and subdivision 
for sources of energy... . Using 
both would result in independently 
projecting energy consumption by the 
industrial, household = and com- 
mercial, transportation, and 
electricity generation sectors, then 
adding them to get total energy 
consumption and then dividing the 
Lotamramong coals» gas, “oil;  hydro- 
power and nuclear sources of 
BNCE RVG) » (DDD 3402) 


As stated above, the EMR approach goes even 
further by subdividing into fuel use at the 
individual sector and region level before 
aggregating across sectors and regions. See: 
U.S. Congress, Committee on Interstate and 
Foreign Commerce, Sub-Committee on Energy 
and Power, Energy Demand Studies ~ An 
Analysis and Comparison, Serial No. Q4-77, 
March 25 and 16, 1976. 


exceptions these exercises were concerned 
with specific fuels or end-use categories. 
There was no attempt to deal in a rigorous 
or consistent fashion with either the total 
range of energy demands or the simultaneous 
interactions between energy demands, energy 
Supplies, relative prices and general levels 
of macroeconomic activity. As well, most of 
these studies ignored explicit changes in 
technology and their probable impacts on 
energy requirements**, 


B. PRICE RESPONSIVENESS 


Economists have not ignored the effects of 
relative prices on energy demands. Indeed, 
empirical investigations have indicated 
rather strong own-price elasticities for 
several fuels in particular markets, which 


** There are, however, at least several 
notable exceptions. ine \the- “U0 7S..4 athe 
work of Jorgenson and Hudson for the Ford 
Foundation and, more recently, for the 
Energy Research and Development 
Administration goes a long way toward 
integrating a well-specified total energy 
demand model with a macroeconomic model 
(See E. A. Hudson and D. W. Jorgenson, 
"U.S. Energy Policy and Economic Growth, 
1975-2000", The Bell Journal of Economics 
and Management Science, Autumn 1974 Vol. 
Sie NG? Sess ppes4t61-5144) ¥ The Federal 
Energy Administration has also developed 
an admirable energy modelling = system 


integrating Supplies, demands and 
economic activities. (See the 
description of Peal seo ~- Project 
Independence Evaluation System “= in 
National Energy Outlook - 1976, Federal 


Energy Administration). Work has also 
been done by M. L. Baughman and P. L. 
Joskow in "Interfuel Substitution in the 
Consumption of Energy in the United 
States", Massachusetts Institute of 
Technology Technical Report MIT-EL- 
74-002 May, 1974. 


In Canada, development of the total 
energy approach to demand projections has 
been pursued Dy Hedlin Menzies and 
Associates Ltd. for the Science Council 
of Canada (Energy Scenarios for the 
Future, July, 1976), Prof. G. C. Watkins 
of the University of Calgary, Professors 
Berndt and Helliwell at the University of 
British Columbia, and Professors Fuss and 
Waverman of the Institute of Policy 
Analysis at the University of Toronto. 


is the area in which most testing has 
occurred*. In the residential sector, the 
ratio of the price index of fuels and 
utilities in the consumer price index (CPI) 
to the aggregate CPI fell from 1.035 in 1958 
Commo. wing A197. 1. In manufacturing, the 
implicit price index for fuels and electric- 
ity purchased fell from 1961 to 1971 by 30% 
relative to average wage rates in manufac- 
turing and by 9% relative to the Gross 
National Expenditure (GNE) deflator. Energy 
had become an increasingly better buy and it 
is not surprising or inappropriate that 
statistically Significant inverse 
relationships should be found between energy 
use and energy price. 


The difficult question is with what degree 
of confidence can the elasticity estimates 
derived from a period of gradually falling 
relative prices (albeit on a_ cross-sectional 
basis) be applied to a future where energy 
prices, which have already increased 
markedly, may continue to increase relative 
to the prices of other goods and _ services. 
The answer is not obvious and is very much a 
matter of judgment. Le mee however, 
probably better to remain fairly skeptical 
of simple projections based on estimated 
elasticities for the following reasons: 


i The specifications of the energy demand 
equations typically employed to 
estimate price elasticities are too 
partial: afirst., because they deal 
typically with particular fuels or 
particular markets, with a notable lack 
of consistency checks to ensure that 
aggregate energy demands summed from 
individual equations make sense in 
terms of macroeconomic activity and 
second, because some of the important 
eross-price elasticities are often 
assumed to be zero or are unconstrained. 


ii As well as being partial, the specifi- 
cations too often ignore the derivative 
nature of energy demands in the 
definition of price variables. Lt: 
final demands for energy are truly 
derived from demands for services, then 
the appropriate price to test in our 
energy demand equation is not the price 


* See: Lester D. Taylor, "Demand for 
Electricity: A Survey", The Bell Journal 
of Economics and Management pevence, 
Spring 1975. P. Balestra and M. Nerlove, 
"Pooling Cross-Section and Time Series 
Data in the Estimation of a Dynamic 
Model: The Demand for Natural Gas"; 


of energy but the user cost of the 
service it provides. This, of course, 
includes the price of energy, but takes 
into account the replacement cost and 
depreciation rate of the energy-using 
capital equipment as well. 


iii Quite apart from the nature of the 
specifications employed, one must 
satisfy oneself on the relevant 
neighborhood within which the elastic- 
ity estimate makes sense, and whether 
the estimated magnitude is symmetric 
with respect to increases and decreases 
in relative prices. Starting from the 
same initial conditions, will the 
elasticity be the same for a 5% and a 
50% increase in relative prices? Will 
it be identical for a 10% increase and 
a 10% decrease in relative prices? 
What are the lags with which an 
increase in energy prices will show up 
as a decrease in energy use? Most 
people agree that the approach to 
equilibrium is quite protracted since 
the process of adjustment entails 
replacing existing capital appliances 
with those that are more energy- 
efficient. To what extent, however, 
have the falling relative energy prices 
experienced during the sixties left us 
with a set of initial conditions from 
which the productivity of energy can be 
increased markedly and quickly? 


These questions are important enough to 
suggest that in long-term projections of 
energy demands it is better to treat 
estimates of price elasticities themselves 
as variable parameters in a series Of 
sensitivity analyses rather than as_ con- 
Sivanivsr 


C. OUTPUT ENERGY 


Another key feature of the EMR energy demand 
model. vis. the*notion. .of -usableaitiors= output’ 
Cnerey ease athew basisar Lor analyzing and 
projecting total energy demands. Output 
energy needs to be distinguished from 
purchased or 'input' energy. This important 
distinction between input and output energy 
is the result of technological fuel 


Econometrica; Voli n3472No. 35" Jol yem1966. 
J. Daniel Khazzoom, "An Econometric Model 
of the Demand’ for Energy sin- Canada", 
Energy: Demand, Conservation and 
Institutional Problems, M. S. Macrakis, 
editor, Massachusetts Institute of 
Technology, 1974. 


utilization efficiencies which can vary 
widely depending on the fuel or the 
application. 


For any given end use, it is often the case 
that given quantities of different forms of 
energy are capable of delivering substan- 
tially different quantities of usable 


energy. Total energy demands for that use, 


therefore, as measured by the quantity of 
energy delivered, may vary considerably 
depending on how the demand is divided among 
energy sources. 


This point can perhaps be best illustrated 
by a simple example. Assume that electri- 
city and natural gas have=-utilization 
efficiencies* in home heating of 100% and 
75% respectively. If a single household, 
without changing its standard of desired 
comfort or its level of insulation, were to 
switch from natural gas to electricity, the 
amount of BTU's purchased by that household 
for heating purposes would fall by about 
25%. The desired level of usable energy, 
however, would remain unchanged. 


The concept of output energy facilitates an 
examination of the real demand for energy, 
andgmcneas tectors “which. influence’ “it, as 
opposed to the actual volume of purchased 
energy. This procedure avoids the problems 
of using the volume of energy purchased as a 
measure of the desired demand for energy. 
Many of the apparent changes in the level of 
energy consumption, as measured by purchased 
BTU's, merely reflect the results of shifts 
in consumption between fuels of widely 
differing utilization efficiencies rather 
than real changes in the level of usable 
energy desired. 


This, in turn, suggests that a major source 
of potential forecast error could be at 
least segregated, if not altogether elimi- 
nated, by first concentrating efforts on the 
demand for usable energy and then turning to 
the way in which that energy is supplied 
(i.e. fuel market shares). This is what has 
been done at EMR. 


D. TECHNOLOGY 


The interactions between alternative states 
of technology and resulting energy demands 


Je ee ee 


* This is a pure combustion efficiency in 
terms of BTU's out of the converter per 
BIVe in. It has nothing to do with 
insulation levels or other character- 
istics affecting heat retention. Lt 
should be pointed out that the discussion 
and example presented here are in terms 


are too important to be ignored or assumed 
away. We have already seen that the effi- 
ciencies with which alternative energy 
sources perform essentially the same service 
may be quite different. The example given 
above was for electricity and natural gas in 
residential space heating, but an even more 
striking example can be found in the area of 
rail transportation, where diesel locomo- 
tives are roughly three times more efficient 
than steam locomotives. The state of tech- 
nology thus impinges directly on the 
determination of BTU's required to perform a 
Specified function, given the distribution 
of the market among competing energy sources. 


Technology “also. or course, contributes 
directly to a determination of fuel market 
Shares by delimiting the extent of interfuel 
competition that is possible in any market 
at any time: it is clear that electricity 
has virtually no role to play in road trans- 
portation with present technology, but it is 
less clear that this’ will continue’ to be 
true over the next 30 years. Just as 
changes in technology impinge on energy 
demand projections by increasing the range 
of uses for a particular source, so they may 
also serve to extend the number of sources 
available for a particular use, both through 
the development of new sources and the 
design of appropriate delivery or conversion 
systems for existing sources. Finally, to 
return to the derived demand concept with 
which we began, the energy intensity of the 
range of goods and services demanded and 
produced is very much a function of the 
state of technology as it is -reflected in 
production processes. 


E. ENERGY IN THE ECONOMY 


Because they are derived demands, energy 
demand for a specific use are very much 
related to levels of economic activity in 
that end-use sector. These, “in. turn, are 
closely related to levels and rates of 
growth of activity in the whole economy. 
The influence of eronomic activity is so 
widely recognized as an influence on _ the 
demand for energy that many studies and 
projections have been made almost exclu- 
sively on the basis of the ratio of energy 
to the gross national product (GNP). 


ee nee EEEEE 


of secondary energy only. For the 
moment, conversion of primary energy to 
secondary energy and the efficiencies 
associated with that process are ig- 
nored. They are discussed more fully 


below. 


In addition to the relative price of energy, energy demand projections which are made at 


the demand projection work at EMR has also EMR, but only in a partial way. There are 
attempted to incorporate the influence of not yet any mechanical modelling linkages 
economic activity on energy demands. Rather between energy demands, energy supplies and 
than relying on aggregate energy/GNP ratios, the economy which would allow the whole 
however, the approach has been to examine, system to be projected in a simultaneous and 
for each end-use sector in each region of consistent fashion. Instead, an attempt is 
Canada, the factors which appear to in- made to ensure consistency by a series of 
fluence the demand for energy most directly separate projections (iterations) for each 
in that specific market. This has led, for of the individual areas. Betveen itera- 
example, to the incorporation of economic tions, the assumptions» for .each area are 
measures such as_ households, stocks of revised in an attempt to secure an accept- 
single and multiple dwellings, and real able degree of consistency for the entire 
personal disposable income in the _ residen- system. Although other investigators have 
tial sector, and real domestic industrial made further progress in linking the supply 
product and the industrial capital/labour and demand components of this system*, the 
ratio in the industrial sector. More only analysis of which we are aware that 
complete descriptions of the economic also includes energy sector feedbacks into a 
variables and the specifications used are model of the economy is that of Hudson and 
contained in Chapter 4. Jorgenson, previously cited. 
In addition to these linkages. from the F. THE OVERALL FRAMEWORK 
economy to the energy sector, there are also 
feedbacks from energy to the economy which There are four major dimensions to the EMR 
should be recognized in a fully integrated energy demand modelling framework: time, 
energy analysis framework. Higher energy fuels, regions and sectors. Each run of the 
prices, for example, tend to increase model covers the 31 year period from 1970 
production costs for other products, through 2000, although most of the emphasis 
increase the general rate of inflation, in preparing assumptions for the projections 
reduce real incomes, and lead to a_ substitu- is concentrated on athe periods prior to 
tion of less energy-intensive for more 1990. Table 1 outlines the fuels, sectors 
energy-intensive products. There may also and regions considered in the current 
be important international trade effects. version of the model. 
These types of energy-economy linkages are * | In Canada, ‘Prof.. Hel liwell\.atasuBe. vaand 
taken. anto «account. in the \coursessof ..the in, the:.U..S., <«the ~ FEAnewitbhuatheireg PLES 
system. 
TABLE 1 


EMR ENERGY DEMAND MODEL 


Fuels and Markets Considered 


Fuels Sectors Regions 
Coal Residential Atlantic 
LPG, Comme rcial Quebec 
Onl Industrial Ontario 
Natural Gas Road Transport Prairies 
Electricity Rail Transport B.C3 
Kerosene Air Transport 
Diesel Oil Marine Transport 
Light Fuel Oil Energy Supply Industries 
Heavy Fuel Oil Non-Energy Use 
Motor Gasoline Fossil Fuels Used to 
Aviation Gasoline Produce Electricity 


Aviation Turbofuel 


1. Oil includes all petroleum products plus crude oil used for non-energy 
purposes. 
2. The NWT and Yukon are grouped with B.C. 


Twelve separate fuels, including Oil, which 
is defined as the sum of kerosene, diesel 
oil, light fuel oil, heavy fuel oil, motor 
gasoline and aviation fuels, are included in 
the model. The end product of the calcula- 
tions is an aggregation of total energy into 
four principal fuels: coal, oil (including 
LPG's), natural gas and electricity. In the 
process” of arriving at primary energy 
demand, the portion of electricity generated 
from primary sources (nuclear and hydro 
combined) is split off as a_ separate 
projection in addition to the four principal 
fuels. 


The first seven sectors listed in Table 1 
are final end-use sectors which consume 
enerpya, prodgucts, on the basis of their 
output energy content, to facilitate the 
production and consumption of  non-energy 
products. The remaining three categories 
(energy supply industries, non-energy use 
and fossil fuels used to produce electric- 
ity) are specialized sectors which are 
included to take into account the peculiar- 
ities in the way energy is produced and 
consumed. They include intermediate 
industries that produce energy products 
(e.g., petroleum refining), or demand them 
for reasons other than energy content (e.g., 
lubricating oils). 


Finally, the model is disaggregated into 
five regions comprising the principal 
statistical units of Canada, primarily on 
the basis of the availability of historical 
energy consumption data. The actual 
projections are made first at the regional 
level (based on regional economic activity, 
Which }2sS, in ule. disaggregated from 
projections of national economic activity), 
and then summed across individual regions to 
obtain a national total. 


A typical EMR energy demand 
involves the following ten steps: 


projection 


1. Develop a forecast of 
indicators LOR the 


energy price 
residential, 


commercial, industrial and road 
transport sectors. 


2. Project regional economic activity 
levels, based on a national economic 
projection. 


3. Project regional energy demands for the 
seven final end-use sectors, in output 
BTU's, based on energy prices and other 
economic assumptions. 


4. Disaggregate the total energy pro- 
jections into demands for specific fuels 
according to a set of market share 
assumptions. 


5. Convert output BTU fuel demand pro- 
jections to input, BIU's using “a ‘set: [or 
assumed utilization efficiencies. 


6. Derive non-energy demands for energy 
forms (coke, asphalt, lubricating oils 
and greases, and oil and gas _ petro- 
chemical feedstocks). 


7. Calculate the total demands, including 
own-use demands, for intermediate fuels 
(i.e. electricity). 


8. Convert the total demand for _ inter- 
mediate fuels into a demand for primary 
fuels according to a set of fuel source 
assumptions and conversion efficiency 
factors. 


9. Calculate the own-use demands for 
primary fuels, according to assumptions 
about own-use ratios. 


10. Convert the demand fOr the four 
principal fuels (oil, gas, coal and 
electricity) from BTU's into ‘natural' 
units (i.e. barrels per day of oil, 
cubic feet per year of gas, evCu) 


These steps are illustrated schematically in 
Figure 1, which is a simplified flowchart of 
the current structure of the EMR energy 
demand model. 


Figure 1 


FLOWCHART OF EMR ENERGY DEMAND MODEL STRUCTURE 


MAJOR 
ASSUMPTIONS STEP OUTPUT UNITS 


Prices REGIONAL 
2; ee PRICE ERIGE 
gas 
FORECASTS 
ele cteneity PROJECTION ASS: 


national 2 REGIONAL REGIONAL 
economic ECONOMIC ECONOMIC 
forecast PROJECTION ASSUMPTIONS 


3 TOTAL REGIONAL DEMANDS | RESIDENTIAL OUTPUT 
ENERGY BY | -COMMERCIAL BTU's 
PROJECTION MAJOR END-USE SECTOR | -INDUSTRIAL 
| -TRANSPORT 
eet 4 FUEL MARKET 
aes DISAGGRE- SHARE 
GATION ASSUMPTIONS 
utilization SSECONDARY REGIONAL | FUEL DEMANDS AND INPUT 


FUEL | DEMANDS | MARKET SHARES BY BTU's 


efficency 
DEMANDS BY SECTOR | SECTOR FOR KEY YEARS 


ratios 


NON- REGIONAL | -PETROCHEMICAL 
ENERGY DEMANDS | -ASPHALT 
feedstocks DEMANDS BY USE | -LUBES 
| 


-COKE 


INTERMEDIATE REGIONAL DEMAND 
FUEL FOR 
7 DEMANDS ELECTRICITY 


sources & 8 NET ELECTRICITY | INTERMEDIATE FUEL! ELECTRICITY 
conversion PRIMARY SOURCE | CONVERSION ! GENERATION BY 
efficency DEMANDS ASSUMPTIONS | ASSUMPTIONS | MODE 


9 GROSS REGIONAL PRIMARY | REGIONAL DETAILED ENERGY |CANADA 
own-use PRIMARY ENERGY DEMANDS AND | DEMANDS BY FUEL | FUEL MARKET 
ratios DEMANDS SOURCE -DISTRIBUTION | FOR SPECIFIED YEARS ISHARES 


10 PRINCIPAL 
FUELS 
DEMANDS 


TOTAL | -COAL 
DEMANDS | -OIL (+LPG) 
FOR | -GAS 

| -ELECTRICITY 


NATURAL 
UNITS 


END 
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Chapter 3 


The data used for this study can be grouped 
into four basic components: quantity, 
price, economic activity and other. In most 


cases, the data have been drawn from public- 
ly available sources in order to facilitate 
the comparison of results with other. stud- 
Les. peel i se. Ore thee, data »series maintained 
by EMR in machine-readable form is included 
in Appendix E of this report (in a _ separate 
volume). 


A. QUANTITY 
The consumption of primary energy* in Canada 
has been increased from 3670 trillion BTU's 


in 1960 to an estimated 7816 
in 1975 (see Table 2). This represents an 
average annual growth rate of 5.2%, which 
can be compared to the 5.0% growth rate in 
real gross national expenditure over the 
same period, and to the 3.6% average annual 
growth of U.S. energy consumption. As the 
numbers indicate, after rising in the latter 
half of the sixties and in the early seven- 
ties, the growth rate in energy consumption 
has dropped substantially since 1973. 


tCRiliaong -BluUts 


over the 
consump- 
sources. 
plus 
since 


There have been some marked shifts 
historical period in the shares of 
tion supplied by the major energy 
The share of primary electricity (hydro 
nuclear) has decreased marginally 


* Primary energy - refers to the amount of 


energy available to the final consumer 
(secondary energy) plus conversion 
losses and waste in the energy supply 


Conversion losses, in this 
ease, refer to losses in processing of 
refined petroleum products for example, 
or the losses due to thermal and mechan- 
ical inefficiencies resulting from _ the 
conversion of fossil fuels (coal, oil or 
natural gas) into electricity in thermal 
power generation plants. In this 
report, primary energy also includes’ the 
arbitrary «scaling. up of electricity 
generated from hydro and nuclear 
resources to a fossil-fuel equivalent, 
as well as energy resources put to 
non-energy use. 


industries. 


DATA 


Ja 


1960, while the relative 
has dipped slightly more. 
over the period, however, has clearly been 
from coal to natural gas.** The share of 
coal dropped from 14.7% in 1960 to 8.0% in 


use 
The 


of petroleum 
Maj Ores Shan G 


1975, natural gas increasing from 9% to 
18.8%. 
The growth in consumption has not been 


distributed evenly across end-use sectors or 
fuels. Table 3 provides an’ indication of 
the growth rates in individual end-use 
sectors ‘as defined by Statistics Canada. 
Because of difficulties in accurately 
allocating energy demands by sector, it is 
necessary to be careful in comparing growth 
rates across sectors.*** Over this thirteen 
year period, however, the commercial sector 
has shown the strongest average growth 
(8.8%), although this has dropped consider- 
ably in recent years. The residential 
sector was characterized by the slowest rate 
of increase (3.4%) of any of the four major 
end-use sectors, although within the trans- 
portation sector different modes have 
experienced widely differing growth trends. 
The demand for energy used in air transpor- 
tation, for example, increased at a rate of 
about 7.8% per year, on average, while 
energy used for rail transportation 
increased by only 1.6% per year. 


Secondary energy - refers to the amount 
of energy actually available to, and 
used by, the consumer in its final 
form. In this report it generally is 
defined to include residential, commer- 
cial, transportation and industrial uses 


of energy. 


components 
this 


For further discussion of the 
of energy demand as defined in 
report see Annex III. 


** Although not necessarily directly one to 
one in each end-use. 


##*® See below and Chapter 4 for further 


discussion of this point. 


TABLE 2 


SOURCES OF CANADIAN PRIMARY ENERGY CONSUMPTION 


(percentages) 


1960 1965 L970 197 t LO 7 


LoS 


Petroleum wiles awe se oe 48.6 49.4 ye pap ke 48.2 EY peas | 

Natural Gast swipe 920 See 16.5 A le? 1S a2 

CoalLicand -Gowethonete ss crerarens 1457 L320 LOs7 Deal 8.6 

Hydro, @Lecix teats ..cisecke Ley, 24.5 24.6 Es 2a 

Nuclear’ electricityin.7s.. 5 2 (er 0.6 120 
eZ 

Total, KBIUss. xelOnesie wen 3,6) lenGeola, 6. 320i. O34 5m) ODO 


Average Annual Percentage Changes 


1960,.— 65 DD), 
19:65 a 7-0 Dio? 
LO) Oarse, 1D 4.31 
196.0 e975 Sealy 


Hydro and nuclear electricity: 10,000 BTU's/kilowatt-hour. 
Source: EMR estimates. 


TABLE 3 


HISTORICAL GROWTH RATES OF ENERGY CONSUMPTION IN CANADA, BY SECTOR 


End-Use Sector Trillions of BLU. s 
1960 1970 1973 1960-70 1970-73 
Residential 712 1,034 09> 3.80 1 WR TS) 
Commercial 248 701 745 10.95 DOS 
Industrial (1) 1002 1,600 1931 4.79 6.47 
Transportation 745 1,208 1,462 4.95 6.07 
Road 541 920 V120 Byte 6.765 
Rail 78 85 96 0.86 by, alkee 
Naiie 45 97 120 7.98 Peo 
Marine 81 106 126 23 39S 
Energy Supply 2i3 428 499 eee Sey di 
TODA, 2) 2.920 4 Oe Soe 5.46 4.86 


(1) Industrial sector includes non-energy use. 


(2) Does not include thermal generation losses or the fossil equivalent of 


primary electricity. 


Average Annual Growth (%) 


1960-73 


Os 


8. 


Sif 


83 


ike: 
232 
«76 
204 
. 84 
.46 
«lad, 


fe, 


Source: Adapted from Statistics Canada, Detailed Energy Supply and Demand in 


Canada, o Cat. 307] =207 - 
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Another important aspect of the Canadian 
energy consumption is its regional dimen- 
sion. Energy consumption patterns differ 


across the country not only as .a 
differences’ in itevels of population and 
incomes, but also in response to different 
industrial structures and differences in the 
mix of energy prices. Table 4 compares 
several indicators of energy consumption 
across the five régions of Canada in 1973. 


Result Of 


Becausee thes.ooject. of ..the.. study is to 
project future quantities of energy 
demanded, the primary data requirements 


relates to historical energy consumption. 


ee bali stLes Canada, Refined 
Products, sbart.all, Cat... “45-208, 


Petroleum 
annual. 


Diduusuncs: BGanada ~Gas./Utilities, «Cat. 
55-002, monthly. 

Statistics Canada, Electric Power Stat- 
Pscles, VOlasih, Cate 5Sf=c02, annual. 
Statistics Canada, Coal and Coke Stati- 
stics, Cat. 45-002, monthly. 

For a review of the state of energy 


consumption statistics in Canada at the 
end of 1973, see: 
Urwick, Currie and Partners Ltd., Energy 


Consumption Statistics, A Report to the 


Compared to many other countries, Canada has 
a good set of basic statistics on energy, 
prepared by Statistics Canada. For each 
major energy commodity (oil, gas, coal and 
electricity), there is a variety of informa- 
tion published on a regular basis dating 
back to at least the late nineteen-fifties.* 


Rather than examining energy on a 
commodity-by-commodity basis, however, the 
focus of the EMR analysis is total energy. 
The underlying data source for this analysis 
is contained in the Statistics Canada 
publication Detailed Energy Supply and Demand 
in Canada (DESD) *#*. This publication, 


a ee ee ee ee oe eee 


Office of Energy Conservation, Depart- 
ment of Energy, Mines and _ Resources, 
March 1974. O.E.C. Research Report 
NOx we tice 


** 1958-1969 published in Catalog No. 
57-505, occasional; and 1970 onwards 
published in Catalog No. 57-207, 
annual. In, 19%6, «the data. “ina DESD 
became available from Statistics Canada 
in machine-readable form on CANSIM 
(Canadian Socio-Economic Information 
Management System). The last year for 
which data are currently available is 
1974. 


rr SSNS SSS Schr 


(BTU's) 
Atlantic Quebec Ontario 
Secondary Energy (x ae 450 1255 1896 
Primary Energy (x es 610 1995 2660 
Primary energy 6 290 23 33> 
per capita (x 10 ) 
Primary energy per $ of 3 135 120 90 


TABLE 4 


CANADIAN REGIONAL ENERGY CONSUMPTION, 1973 
MIGNON PASE ee ee ee ee ee ee 


Real Domestic Product (x 10 ) 


Prairies 


870 


1410 


J25 


120 


British 


Solmnb sa 


2 Se Ae Se ee See eee ee 


Sources: Statistics Canada, Detailed Energy Supply and Demand in Canada, 


1975;, 


Cat. 57-207. Population and RDP figures same as those assumed in EMR 


demand model. 
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Secondary: 


Primary: 


Sum of residential, 


mands, with coke and coke oven-gas converted to t 


lent; 


commercial, industrial and transportation de- 
heir coal equiva- 


Secondary plus non-energy consumption, energy supply use and con- 


Veredonecotiall.electricity at 40,000 BTU/KWH. 


eee ts ree a eee 


ES 


other 
the 


wide variety of 

Statistics Canada sources, integrates 
quantities of energy supplied to and 
consumed by the Canadian market for each 
fuel. It contains data on energy consump- 
tion in both natural units (barrels, tons, 
kilowatt-hours, étc.) and’ BIU's, “and “it~ 1s 
disaggregated by region*, nine end-use 
sectors, and sixteen types of fuel. The 
publication: contains, inv effect, ) an scenery 
"balance sheet' for Canada and the regions 
which facilitates the analysis of energy 
production, transformation and consumption. 


drawing on a 


Another major, but more partial, source of 
energy consumption data, which cuts across 
all fuel sources, is the Census of Manufac- 


turers**, This contains information on 
quantities and values of energy purchased 
for the 20 major manufacturing industries, 
by fuel and by region. Unfortunately, as 


its name implies, the Census of Manufactur- 
ers provides coverage to only the 
manufacturing sector, but the 'richness' of 
its information allows for detailed analysis 
of energy use in that sector. Unlike DESD 
and the other "supplier-derived' energy 
consumption data, these census figures 
provide a "consumer'-oriented set of 
estimates which can be used to check the 


accuracy of supplier data. 


With a few modifications, 
Supply and Demand in Canada represents’ the 
energy demand framework which EMR has 
attempted to model. These data are the best 
set of reasonably comprehensive historical 
energy statistics currently available. This 
is not to say, however, that they are total- 
ly adequate, since there are a number of 
areas in which they could be improved. 


Detailed Energy 


The first difficulty with the data contained 
in DESD is conceptual. The data is classi- 
fied by end-use sector rather than by end 
use. The sectors presented are: 


for 
only 5 
Ontario, 


* Prior to the publication of the data 
1972, there were details for 
regions - the Atlantic, Quebec, 
Prairies and@ Berrish Columbia. Begin- 
ning with the 1972 data the Prairie 
region was further disaggregated into 
the three separate provinces. 


¥%; “Statistics 
Service Bulletin, 


statistics 
57-002, monthly. 
Results from the annual Census of 
Manufacturers are published in this 
Service Bulletin in the month after’ they 
become available. Data from this Census 


Canada, Energy 
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Domestic and farm 
Commercial 
Industrial 
Transportation 

a) Road 

Bb) Raid 

e) Air 

d) Marine 

5. Non-energy use 

6. Energy supply 


FWh = 


The notion developed in Chapter 2, that 


energy demands are derived from demands for 
final goods and services through two sets of 
input/output relationships***, logically 


requires that energy demands be analyzed at 
a level of aggregation that corresponds to 
distinet end uses of energy. Thus within 
the residential (domestic and farm) sector, 
it would be preferable to distinguish 
between heating and non-heating uses of 
energy, since the markets for these two uses 
are characterized by quite different 
technologies. Similarly, it might be more 
desirable to consider total space heating 
and cooling demands as a_ separate end use, 
regardless of the sector making those 
demands. Unfortunately, the collection of 
energy consumption information in Canada (as 
in most other countries) has never’ been 
systematically undertaken on an end use, as 
contrasted with an end-use sector, classifi- 
cation basis. 


Not only do the published data in 
to identify specific energy end 

also pose conceptual problems even within 
their own “classification. ‘on they "basis sor 
end-use sectors. The estimates are mainly 
derived from the production and distribution 


DESD fail 
uses, they 


side of the energy market, rather than from 
the consumption side. This leads to some 
undesirable results. The residential 


sector, for example, includes most farm use 
of energy (productive and non-productive) as 
well as the energy requirements of individ- 
ual residences. The commercial and 


of Manufacturers for the 

manufacturing sector are available 
EMR in machine-readable form to 
ested users (see Appendix E for 


details). 


total 
from 
inter- 
further 


HEE frameworks 


relationships 
output BTU's 


The two distinct input/output 
are first the set of 
mapping input BTU's’ into 
and, second, those input/output 
coefficients that define the level of 
output BTU's required for given patterns 
of economic activity. 


industrial classifications re largely 
determined, in the cases of gas and elec- 
tricity, on the basis of rates charged by 
the relevant utility. 


This means that large apartment buildings 
may be classified as commercial* (or even 
industrial) whereas’ small industrial or 
commercial establishments could conceivably 
fall in the residential category. The 
commercial category ls) a heterogenous 
aggregation of many end uses including 
heating for such diverse buildings as 
schools, shopping centres and airports, all 
government use of energy, and certain 
transportation uses (ele. 5 escalators, 
elevators and electrically powered mass 
transit systems). 


Within the transportation sector similar 
problems exist. All motor gasoline has been 
allocated to road transportation in DESD, 
although some is clearly sold for  non-road 
purposes (e.g., farm use) and is_ reported 
accordingly in other publications. At the 
same time, it is not clear how purchases of 
diesel oil have been allocated among trans- 
portation and other’ sectors. As noted 
above, energy used to heat airports appears 
in the commercial sector rather than air 
transportation, but it would appear that a 
similar classification principle was not 
applied to the railways, which are shown as 
consumers of light fuel oil. 


Another drawback to the DESD data relates to 
coverage. Because its primary focus is_ on 
energy, it does not make a very serious 
attempt to determine the non-energy use of 
energy forms. For example, although there 
is an end-use sector called non-energy use, 
the only energy forms included in that 
sector by DESD are liquefied petroleum gases 
and petroleum coke. All other oil and gas 
petrochemical feedstocks, asphalt and 
lubricating oils and greases are not 
explicitly treated in the balance framework 
-- except athe a general footnote. 
Consumption of energy for some of these 
purposes is included in the ‘industrial use' 
sector of the publication. For the sake of 
complete coverage in the EMR framework, 
however, data on consumption of asphalt, 
lubes and greases were obtained from Refined 
Petroleum Products, Part II. As for  petro- 
chemical feedstocks, they are not explicitly 


a 


* Apartments on individual unit meters, 
however, are usually treated as 
residential instead of commercial. 
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modelled by EMR although future projections 
are included in the total results. These 
projections are based on BeCDOLUSs  OLamthe 
National Energy Board**, with no attempt 
being made to estimate offsetting adjust- 
ments in the industrial sector. 


A further problem stems from the break in 
data methodology which occurred between 1970 
and 1972 in the consumption of oil products 
in the commercial and industrial sectors. 
In 1973, when the pre-1969 methodology was 
re-adopted, the result was a fairly abrupt 
shift in the estimated consumption patterns, 
particularly in the case of heavy fuel OL; 
from the commercial to the industrial 
sectors. This shift affected market shares 
and total demands in both sectors. These 
recent changes in definition have made it 
difficult to project both total sectoral 
demands and market shares in a way which 
reflects both earlier trends and methodolog- 
ical changes. When equations are 
re-estimated with 1973 and later years data 
included, it will be necessary to take 
explicit account of these changes in defini- 
tion, perhaps by means of a time dummy 
variable in the relevant equations (for 
1970-1972) or by re-estimating the final 
usage in the 1970-72 period. 


At the moment, there are no published 
descriptions of the method by which the data 
published in DESD are derived, although 
documentation is currently being prepared by 
Statistics Canada. Interim information on 
compilation methodology for particular areas 
of the report is available from the Energy 
and Minerals Section of Statistics Canada. 
Two areas are worth mentioning in this 
regard. The losses and adjustments and 
energy supply industry consumption fOr 
natural gas are surprisingly high compared 
to other fuels because of the inclusion of 
losses and own-uses all the way back to the 
site of original production (including 
flared gas in some earlier periods). The 
other area concerns the joint production of 
natural gas and liquefied petroleum gases 
(LPG) from raw gas. The reported primary 
production of LPG is, in effect, that which 
is produced from the so-called 'straddle' 
gas processing plants, while the reported 
primary production of natural gas excludes 
the LPG component. The increasing BTU 
'take's of these processing plants iss 


Se en 8 


** NEB, Canadian Natural Gas: Supply and 
Requirements, April 1975. 
Canadian Oil: Supply and Re- 
quirements, September 1975. 
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incidentally, one of the main reasons for 
the secular decline in the average BTU 
content of pipeline gas. It should also be 
noted that DESD contains no estimate of 
primary demand Or energy resources, 
although many of the component figures are 


contained in the tables and a net_ primary 
supply figure is published. Once an accept- 
able definition or set of definitions for 
primary demand is established, it would seem 
to be desirable to include these estimates, 
on a regional basis, in the DESD publication. 


As a result of these difficulties, it is not 
at all apparent that the information avail- 
able from the DESD balances corresponds in 
its level of disaggregation to the homoge- 
neous groups which economic theory suggests 
can be analyzed to produce aggregate 
projections. Nevertheless, for all their 
conceptual inadequacies in the context of 
the methodology proposed here, the energy 
balances have been selected as the preferred 
data base for this exercise. They do 
represent the longest available time series 
of total energy demands in Canada on a 
reasonably consistent classification basis, 
and the adjustment from an end-use _ sector 
basis to a true end-use basis will be 
relatively easy to make at such time as more 
economically meaningful information on 
Canadian energy flow becomes available. A 
major improvement in the quality of the DESD 
is expected with the 1978 estimates, which 
will be further disaggregated on the indus- 
trial side and better cross-checked with 
major user surveys, although they will still 
be based, to a large extent, on information 
obtained from the energy supply industry. 


To help put the energy consumption data into 
the broader context of the entire Canadian 
energy system, a copy of the Canada BTU 


table from the 1973 issue of Detailed Energy 
Supply and Demand in Canada is included (see 
Table 5). In addition, three other ways of 
visualizing the flows within the Canadian 
energy system are also_ shown. The Sfirst 
(see Figure 2) provides a graphic illustra- 
tion, based mainly on the 1973 DESD data, of 
the relative importance of different energy 
sources and of efficiency losses involving 
energy which are not captured for any useful 


purpose in any of the end-use sectors 
('rejected' energy). At a more detailed, 
but also more arbitrary level, Figure 3 


CC rrr 


* Statistics Canada, Prices and _ Price 
Indexes, Cat. 62-002 (1961=1). 

**# “Provided. price sum" includediasine sche 
equation as a multiplicative term 
(e.g., Quehar PP. YS) ethe use iofsanweindex 
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portrays a ‘reference energy system' for 
Canada as of 1974, based to a considerable 
degree on subjective estimates. This method 
of presentation is similar to that employed 


by the International Energy Agency (IEA) in 
its examination of longer term research and 
development strategies. Finally, Table 6 
provides an alternative tabular presentation 
of the energy system based on another method 
which is also under consideration at _ the 
IEA. While by no means an exhaustive survey 
of alternative energy description methods, 
these tables and figures illustrate a 
variety of procedures which can be used to 


portray the physical flows in an energy 
system such as Canada's. 

B..- “PRICES 

Data on energy prices are not as easy to 
obtain as those on quantities. For purposes 
of projecting aggregate energy demands for 
three major sectors -- residential, commer- 
cial and industrial -- a set of price 
indices were derived. These indices reflect 
the relative importance of the principal 
fuels in each market and each region, as 
well as the price movements, over time, of 
these fuels. 

For the residential sector, the basic data 


on prices come from the national Consumer 
Price Index*, with the weights derived from 
DESD. The three major fuels considered for 
this sector were light fuel oil, natural gas 
and electricity. The weights applied to 
these separate national price indices were 
based on the average normalized market 
shares of these major fuels in each region's 
residential market (in output BTU's), over 
the period 1960-71. These weights are 
listed in Table 7. 


substantial 
residential 


It is interesting to notice the 
decline, in real terms, of these 
price indices over the base period (1961- 
1971). The numbers in Table 8 have _ been 
deflated by the national, all items Consumer 
Price ~index. It should be noted that, 
although national price indices are used, 
they assume a rough equality of prices among 
the different energy forms in 1961 which 
probably did not exist. Depending on _ the 
specification of equation which is 
adopted**, this method of indexation impairs 


does not affect the 
coefficient on price. In a linear 
specification, however, the magnitudes 
of the price elasticities depend on the 
form of price variable. 


instead of level 


! 
\ 
' GNVYW3d ; 
i 


[8% 


L0Z9 


Alddns 
AUWWIdd 13N | 


asn 
ASYIN3-NON 


ONVW4IG 
AMVWiad LAN 


ySO0Z% SLYOdWI 


6£b SLYOdWI 


\ 
iii | 


peer SN 


AYA ey rt ANNDRULURUAUALUUULORUURRANUNNURAUUED,. AUUARUUATURRARTTUUURRARLTLUUURURRREUEUURRAUTUR RRR SANUUANAAL 


\Ex/ H 


ANNE SL SLYOdWI 


A 74 ok 
ZG WIDdIWWOD P= ee 


X 


\ A 
“Y 


a 
ty 


9v0L F— 


9S SLYOdxX4 * 


g3153f34 


Gessasanee| 
1SSO# 


(SNL JO SUO!||!4} ) 
€Z6L‘SMO14d ADYSAN]S NVIGVNVO 


Z oansty] 


Nn 
re 


TABLE 6 


20 


REFERENCE ENERGY BALANCE FORMAT (REBF) 


Revision-2 


Residual Other High Low 
Fuel Petroleum Energy Energy Hydro Nuclear Primary Energy Secondary Energy 
Oil Products Gases Gases Electric Energy Electricity Other Total Sources Sources 
(7) (8) (9) (10) 
-- -- 2598 -= 2343 155 =-- 9919 9919 a 1 
100 38 14 -- oie —— 9 2443 2251 192 Z 
-- il 107 = — a a 182 178 4 3 
100 39 2719 -- 2343 155 9 12544 12348 196 4 
186 33 1012 =e = “airy 56 3776 3463 313 5 
= =e a — = = =o = =, ao 6 
29 15 145 = oS _ = 270 178 92 7 
=115 -9 1562 == 2343 155 -47 8498 8707 -209 8 
-- -- -- -- -- -- -- 217 217 a 9 
-- -- -- -- -- -- -- 8 8 -- 10 
-- -- -- -- -- -- -- -- -- -- 11 
os aS aa a3 — = — pie atk — 12 
} 108 3 3227 = = = te yO13 499 yil4 = 
= =< om =< _ 155 = 155 155 -- 15 
-- -- -- -- 2343 =~ a 2343 2343 = 16 
= =o ae —— -- == - -- - =< 17 
no — -— == _— -- -- -- -- = 18 
-- -- -- -- -- -- -- 3956 3956 = 19 
-- -- -- -- -- -- -- -- -- -- 20 
108 = 127 == 2343 155 = 7292 7178 114 21 
== ——= a 95 == == os 246 -- 246 22 
-- -- -- , -- -- -- 6 -- 6 23 
-- -- -- -- -- -- -- -- -- -- 24 
-- -- -- -- -- -- -- -- -- -- 25 
-- -- -- -- -- -- 199 199 -- 199 26 
ow e ae a i oe, } } cs } 27 
= = = =o =e =o 50 50 -- 50 28 
-- -- -- -- -- -- 756 756 -- 756 29 
-- -- -- -- -- -- -- -- -- - 30 
—_— -- -- -- -- -- -- -- _ — SE 
958 457 == -- -- = ced 4000 == 4000 32 
oe — _ -- -- -- - -- -- —— 33 
958 457 = 95 =- = 1005 5257 == SYRY/ 34 
= =e — == == == =< -- -— lar 35 
== - -- -- -- — = 1 — af 36 
= =o — - -- = == -- —— — 37 
-- = ad -- -- -- -- -- -- -- 38 
== == - - -- =< = =< i ae 39 
—— —— -- -- -- —< == 5) ‘ss = 40 
os rams 45 -- -= == -- 58 48 10 41 
104 133 27 = =-- -- 10 312 27 285 42 
—— == == be -- -- == -- == == 43 
104 133 72 =< -- -- 10 EHRE 75 296 44 
= = == == “= =~ 89 89 == 89 45 
631 315 1363 95 -- -- 859 6003 1387 4616 46 
= 315 49 -- - -- ad 431 58 373 47 
-8 -- -1 -- -- -- -- 1 18 -17 48 
623 = 1313 95 == =- 859 5573 1346 4227 49 
33 -= 10 -- -- == 28 93 14 79 50 
7 = 12 -- -- -- 4 31 12 19 51 
1 -- 6 -- -- -- 6 47 6 41 52 
== == == == =- -- — -- = == 53 
181 — 83 -- -- -— 85 327 97 280 54 
34 = 81 -- -- -— 29 145 81 64 55 
21 = py! 95 -- == 23 322 SL 271 56 
28 -- 28 -- -- -- 35 107 28 79 oH! 
1 as 4 -- -- -- 2 8 4 4 58 
4 << 14 -- -- -- 7 33 15 18 59 
30 -- 46 -- -- -- 7 95 51 44 60 
52 =-- 257 = -- -- 170 712 257 455 61 
392 -- 592 95 = -- 396 1970 616 1354 62 
= — - -- -- -- -- 962 ~ 962 63 
Ss sa — -- -- -- -- 12 ad 1s 64 
— sa = -- -- -- -- 74 -- 74 65 
7 aS a = - -- -- 105 z 104 66 
age — — ote == - -- 138 == 138 67 
64 are -- -- -- -- -- 107 -- 107 68 
aS ==) 121 -- -- -- -- 122 122 —— 68A 
71 = 121 = -- -- -- 1520 123 1397 69 
31 -— 226 -— - -— 39 827 232 595 70 
c= == 80 -- -- -- 74 200 80 120 71 
caer = 3 == — -- 100 257 3 254 72 
31 =~ 309 == = -- 213 1284 215 969 73 
129 = 213 = -- -- 67 462 214 248 74 
2S So 15) =~ -- -- 66 184 aS 109 UB} 
= fae 3 == -- -- 117 153 3 150 76 
129 — 291 -- a -- 250 799 292 507 a 


Canada - 1974 


TABLE 6 


REFERENCE ENERGY BALANCE FORMAT (REBF) 


Other LPG 
1053 Hard Other Hard Lignite and Distillate 
Coal Coke Coal Prods, Lignite Prods, Crude LRG Jet Fuel Gasoline Oil 
(D) (2) (3) (4) (5) (6) 
Bs Indigenous Production 1 468 -- -- 54 -- 4068 233 -- == “ey 
u Import 2 371 19 -- -- -- 1866 5b 10 16 
ce | Stock Withdrawal 3 68 = == -- -- 2 1 a a 3 
a8 Indigenous Energy Availability 4 907 nh) -- 54 -— 5936 234 10 on 19 
BEC Export 5 308 8 -- -- 1999 144 7 5 18 
dpe Bunker ing 6 -- a oe <2 3 ss a = 3 fis 
# Stockriling 7 14 6 -- 1 -- 12 6 3 19 20 
Primary Energy Consumption 8 585 5 -- 53 -- 3925 84 0 -24 -19 
Coke Oven Plants 9 7, a =a =s = =e = == = = 
Low Energy Gases 10 8 -- -- — as oc = a a = 
Other Hard Coal Products 11 -- -- -- -- — 35 = ae = BS 
§ Other Lignite Prods 12 -- -- -- 2s — pee = = ie es 
PH Public Thermai Power Plants 13 327 SS =5 45 -- ‘ -- -- 6 
Aue Non-Utility Power Plants 14 -- -- } == 2s as wes =< ae 
5 x Nuclear Power Plants 15 -- -- == ~2, fees, oom pa = oe = 
rye Hydroelectric Power Plants 16 == — == == es, a ae Pe ie se 
§ District Heating Plants 7 -- -- -- San pe ae ae == = ee 
st Blast Furnaces 18 -- -- -- = 5 5 os =a = 2 
Refineries 19 -- -- == es ae 3939 17 ae aa = 
Other Energy Produce 20 -- -- -- a oon = a = ee aa 
Total 21 552 -- -- 45 -- 3939 194 -- -- 6 
Coke Oven Plants 22 -- Net == = = a= = = = ma 
Low Energy Gases 23 -- 6 -- <= a = =5 = = ates 
Other Hard Coal Products 24 -- -- -- ee ao) as = a a am 
€ Other Lignite Products 25 -- -- -- == =e ae = =s = = 
oe Public Thermal Power Plants 26 -- -- -- — ee = oo = im me 
3 e Non-Utility Power Plants 27 -- -- -- -- a == = — =- ai 
Be Nuclear Power Plants 28 -- -- -- -- 3 a se = = = 
we Hydroelectric Power Plants 29 -- -- -- =a = <5 = a ae =a 
i 35) District Heating Plants 30 -- -- -- -- = = a5 =o == Se 
s 2 Blast Furnaces 31 -- -- -- == == as a aS — = 
Refineries 32 == -- -- -- -- -- 29 133 1206 1217 
Other Energy Proauce 33 -- -- -- -- == == — — == ae 
Total 34 -- 157 -- -— -- -- 29 133 1206 1217 
Hard Coal Mines 35 4 -- -- -- -- -- -- -- -- -- 
Deu Coke Oven Plants 36 -- 1 -- -- -- -- -- -- -- -- 
Shae Low Energy Gas Works Sa4 os = a core ca — <= — = = 
639 Lignite Mines 38 = _ == we = = =< = a = 
Ae Other Lignite Products 39 == = =< = == = ao aS a — 
Fa Power Plants 49 -- -- — -- -- -- -- == se == 
gee Crude & Natural Gas Products 41 -- -— _ -- -- 3 10 -- -- aes 
6 oe Refineries 42 -- == -— = — = 2 1 17 18 
a Other Energy Produce 43 — -- =~ ae — ss = ee = == 
Total 44 == 1 =- — -- 3 12 1 17 18 
Transmission Losses 45 =-- -= =< —- a ae = == == = 
Supply after Transformation 46 33 161 —— 8 -— -17 84 132 1165 1174 
Consumption for Non-Energy Purp. 47 8 5 -- 1 == Se 53 = o a 
Statistical Differences 48 -- -2 -- =~ = 18 ae == -4 -2 
Final Energy Consumption 49 723) 154 == 7 -- 1 Sin 132 1161 1172 
Mining G50 3 “= -- 1 -- -- 1 == 1 16 
Food (2) 51 o- -- -- =-- 25 1 = 4 3 
Wood (13) 52 -- = -- — == 1 == 9 24 
Printing (14) 53 —— <2 = —— ce as =a =e a ae 
a Paper (15) 54 11 7 - 3 -- -- 1 => : 
e Chemical (16) 55 : == ad = == a = <5 ; 
is} Iron and Steel (17) 56 3 130 = a = = am = Fi 
$ Non-Ferrous Metals (8) 57) -- 12 -- -- == = 2 == ; 
2 Electrical Mach. (19) 58 = -- == = = = es = zi ; 
a Transp. Equipm. C0) m aS? 1 4 a == oe ae =n a 2 i 
Stone, Clay, Glass (21) 60 3 1 -- 2 =a —— = a 
=i -- -- -- -- -- -- 60 173 
Other (22) 61 ae 7 ae 
Total Industry 62 18 154 = 6 -- -- 6 -- a ; 
Road Automobile 63 = == == = = a os eat ie 2 
§ Bus 64 == = =5 == = e = #3 = i 
iy Truck 65 = ae == aes = = ri rs — 97 
S Railroad 66 ; == oe 1 = aa aa ne a 
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i) Air 67 5 aa Ze = 43 
® Ship 2 Ba z es x ans A we am -- -- 
o Pipelines A —- = == = ar 
rs} Yotal Transportation 69 fa -- -- 1 -- 1 = 132 966 = 
Space Heat 70 6 Te aa am <2 va = Ee a. 46 
a Water Heat 71 — ag a ns =} = Be Cy 107 47 
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Total Residential 73 6 os LSE == == — 5 = = 73 
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TABLE 7 


WEIGHTS USED TO DERIVE REGIONAL RESIDENTIAL ENERGY PRICE INDICES 


ou. 
Atlantic O13 
Quebec By ps8) 
Ontario SDSL 
Prairies 7254 
British Columbia -462 


GAS ELECTRICITY 
001 <1 26 
049 s208 
2ZOw -206 
SONI <196 
a2 90 .240 


eee 


TABLE 8 


RESIDENTIAL ENERGY PRICES RELATIVE TO THE CONSUMER PRICE INDEX, 


BY REGION, 

Atlantic Quebec 

1958 1059 ODL 

1959 1.061 17053 

1960 1.043 12038 

1961 1.000 1.000 

1962 Tl FUE) 

1963 922 S20 

1964 867 O79 

1965 844 854 

1966 ene SRoway 

1967 .804 .Ol7 

1968 . 806 .818 

L369 af 90 .800 

1970 aw ices .801 

Love O52 839 
the ability to make energy price level 
comparisons across’ regions which is a 
necessary part of the pooled cross-section 


time series approach adopted in this study. 


sector were 
of Manufacturers*. 
Chis publication 
and value data on 
the twenty major 
by fuel and by 
sub-industry 
each fuel in 


Prices for the industrial 
obtained from the Census 
As mentioned above, 

contains both quantity 
energy consumption for 
manufacturing industries, 
region. Foregoing the richer 
detail, implicit prices for 

each region were calculated for the total 
manufacturing sector. These were then 
converted into prices per million output 


* Statistics Canada, Energy Statistics 
Service Bulletin, 57-002. 

For a more detailed description 
method used, see: Gorbet, F.W., "Energy 
Demand Projections: A Note on an 
Industrial Price Index for Energy", July 


4, 1974, EMR Mineo. 


of the 


2S 


1961=1 
Ontario Prairies 1 (Ge 
1.034 10-20 1.029 
1.033 1.006 1.028 
1.028 ES OAG7 13025 
1.000 1.000 1.000 
978 .986 979 
942 .960 946 
od 2931 908 
SOs .908 883 
844 Frowie 850 
Aisi )5) 50.20 .842 
sOa2 845 838 
.809 .816 815 
804 27939. atoul be| 
O29 .807 832 
BTU's, and weighted by the corresponding 
regional output BTU market shares obtained 


from the industrial sector of DESD. 


The main results of this calculation, after 
deflating by the national Gross Domestic 
Product price deflator**, are presented in 
Table 9. These price indices reflect price 
movements only in the manufacturing sector. 
Although this is only one component of the 
industrial sector as defined in DESD, these 
prices are used as an indicator for that 
entire sector for lack of a more comprehen- 
sive series. Again, it is evident from 
Table 9 that, in most regions energy prices, 


*#*® This national deflator was obtained from 
the CANDIDE database produced by the 
Economic Council of Canada. es BAS Pipe bis 
turn, was derived from Statistics Canada 
series on Indexes of Real Domestic  Pro- 
duct by Industry (61-005) and National 
Income and Expenditure Accounts (13- 
001), Gross Domestic Product by Industry. 


TABLE 9 


INDEX OF INDUSTRIAL ENERGY PRICES RELATIVE TO THE GROSS 


DOMESTIC PRODUCT DEFLATOR, BY REGION, 1961-1 
Atlantic Quebec Ontario Prairies Bene 
1960 941 2832 979 .904 697 
1961 1.000 1.000 1.000 1.000 1.000 
1962 OM P0377 oe 2962 1.024 
1963 1.009 1.036 Se keye: 2951 1.031 
1964 L056 1.048 Ow 2970 .869 
1965 Pelo9 1.036 POD 12.007, Hi ejoys| 
1966 |e eh ORS 949 pied lee: ri hea 
1967 Le Ta aE) oe ~954 .784 
1968 tg iS fe) Oe eae 942 ee) 
1969 .964 eles: ep a! 849 082 
1970 2O91 E202 Seba) .914 744 
Ob 1.004 1.020 974 914 .770 
if they did not actually decline, at least Other sources of price data which will be 
did not substantially increase during the exploited by EMR as more detailed informa- 
sixties. The degree of variation in the tion is required for interfuel substitution 
prices from year to year is also puzzling analysis include: 
and casts some doubt on the reliability of 
the basic data source (i.e. the Census of Statistics Canada, Gas Utilities, Cat. 55-002 
Manufacturers). +e. a 
, Electricit Biils fon Domestic, 
In the commercial sector, price indices were Commercial and Small Power Service, 
constructed in much the same way as in the Cate 5722038 aa en ene 
residential sector. The national compon- 
ent indices of :the-Consumer Price Index for , Principal Taxes and Rates - Federal, 
light fuel oil, natural gas and electricity Provincial and Local Governments, 
were weighted for each region by the normal- Cat. 68-201 "dy 2 pu ae 
ized output BTU market share of each of 
these fuels in that region's commercial , Electric Power Statistics, Vol. II 
market. These weights are listed in Table Annual Statistics, Cat. 57-202 
10. The result was then deflated by the (Paes bop ae 
Consumer . Price Index. to sarrive “at? wean , General Review of the Mineral 
estimate of a real regional commercial Industries, Cat. 26-201 
energy price index (see Table 11). ASevein Np se, 
the case of the residential and industrial 


sectors, estimated commercial energy prices 


also fell, relative to other prices over the 
historical period. The same comments made 
above with respect to the residential indi- 
ces also apply to the commercial numbers. 

In the current version of the model, the 
only other sector in which energy prices 
enter aS an explanatory variable is road 
transportation. There, in a departure from 
the fundamental total energy approach, the 
demand for motor gasoline is determined 


separately and depends on the price of motor 


gasoline. The prices which are used for 
this purpose are based on the regional 
levels of the motor gasoline component of 
the CPI. 
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____, Logging, Cat. 25-201 


Even with the addition of these sources, and 
other related publications for the transport 
sector, the most “difficult | pricing area 
remains oil products. 

C. ECONOMIC ACTIVITY 

In addition to prices, the EMR analysis 
incorporates an extensive list of variables 
related to economic activity in the determi- 
nation of energy demands. For the most 
part, these series are readily available at 
the national level. The difficulty arises 
6n obtaining regional disaggregations. 
Here, if the data are available at all, they 


are often confidential. For many of these 


TABLE 10 


WEIGHTS USED TO DERIVE REGIONAL COMMERCIAL ENERGY PRICE INDICES 
SRE ERAGE LENDIGES 


Oil 
Atlantic HOD]! 
Quebec w/03 
Ontario 461 
Prairies .146 
British Columbia 425 


Gas 


.000 
029 
NS) 
655 
.268 


TABLE 11 


Electricity 


<b73 
. 268 
«290 
oe be 
1307 


INDEX OF COMMERCIAL ENERGY PRICES RELATIVE TO THE CONSUMER PRICE INDEX, 


BY REGION, 

Atlantic Quebec 

1961 1.000 1.000 
1962 wiz 2981 
1963 987 5997 
1964 elo Wo) 
1965 ~939 54 
1966 BEAS .942 
1967 073 894 
1968 VO4S 864 
1969 .800 O22 
197.0 196 nol 
1971 704 520 

regional figures, EMR has_ used internal 


estimates made by the Federal Department of 
Regional Economic Expansion (DREE) for use 
in their regional version of CANDIDE, which 
is still under development. Other re- 
searchers may wish to substitute their own 
estimates for these data, or use readily 
available proxies. 
The following list indicates the economic 
variables used in the EMR analysis (by 
alphabetical order of their mnemonics) and 
their source. Where the source of the 
series is internal, alternative sources are 
indicated where similar information can be 
obtained or derived. 
ECONOMIC ACTIVITY VARIABLE LIST 
CAR - Registered automobiles, thousands. 
Source: Statistics Canada, The 
Motor Vehicle, Part 2rT 


Registrations Cat. 53-219. 
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1961=1 
Ontario “Prairies Bo 460 
1.000 1.000 1.000 
Pes 1.080 1.022 
1.034 1.096 P3038 
1.024 2 at 1029 
PeOL9 P28 O25 
1.004 ici aE Oe) 
SoS 15104 981 
.939 E062 947 
891 999 899 
.903 12023 912 
2970 1051 976 
HOHO - Households, thousands. 
Source: Calculated by DREE for 
family and non-family households 
from Census publications including 
Housing in Canada, 1961, Can. 
99-529, Households by Type, 1966, 
Cat 93-605, and Household and 
Family Status of Individuals, 1971, 
Cath U93= his Alternative inform- 
ation available from the Census of 
Population and De Giets Household 
Facilities and Equipment, Cat. 
64-202, (which will need to be re- 
vised in light of the 1976 Census 
results). 
K ="Capital. stoek ing=the industrial 


sector, millions of 1961 $. 


Source: Estimated by Morency for 
the fishing, forestry, mining, 
manufacturing and construction 


LC 


LI 


LT 


POP 


RDP 


RDPIS - 


RDPI 


Xx 
Energy", 

Long Range 
Department of Finance, Ottawa. 


source: 


Source: 


sectors*. Alternative information 
available in S.C., Fixed Capital 
Flows and _ Stocks, Cat. 13=2118 
More detailed regional information 
is now available in preliminary 
form from Statistics Canada, 
Construction Division. 

Employment in trade, finance, 
public administration and services, 
thousands. 

Source: S.C., The Labour Force, 
Cat. 71-001. 

Employment in the industrial 
sector, thousands. 

source: S;:C., Ihe “Labour Force, 
Cat. 71-001. 

Total employment, thousands. 

source: S.C., The Labour’ Force, 
Cat. 71-001. 


Population, thousands. 


source: 5S.C., Estimated Population 
of Canada by Province, Cat. 91-201. 


Real gross domestic 
product, millions of 1961 $. 


regional 


Calculated by DREE for 
individual industrial 
(agriculture, manufacturing, 
ices, etc.) and summed to an 
sector total. Alternative 
tion” towsbe published 
Conference Board of Canada. 


the 
sectors 
serv- 

all 
informa- 
soon by 


Real national domestic 
the iron and steel 
lions ofsI961-$. 


product in 
industry, mil- 


CANDIDE lect. 
Alternatively, data on 
by iron and steel 

available win’ SCs, 
Industries in Canada: 


database. 
value added 
industries are 
Manufacturing 
National and 


Provincial Areas, Cat. 31-203. 


Real domestic product in the 
trial sector, defined to include 
fishing, forestry, mining, manu- 
facturing and construction, 
millions of 1961 $. 


indus- 


"Industrial Demand 
Technical Memo No. 
Economic 


Morency, for 
7TH-6, 


Planning Branch, 
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Source: DREE. Alternatively, in- 
formation on value of production 
(shipments) collected in the Census 
of Manufacturers are available in 
the industry publications such as 
S.C., Manufacturing Industries in 
Canada: National and Provincial 
Areas, Cat. 21-203 and Survey of 
Production, 61-202. 

exclud- 


RMV - Registered motor vehicles, 


ing motorcycles, thousands. 


Source: S.C:, i) The Motor Vehicle, 


Part IIL, Registrations, Cat. 


53-219. 


RTR - Real retail trade, millions of 1961 


$. 


Source: 
Review, Cat. 


S.Ca Ganadianmeotatisvicad 
11-003. 

STM - Stocks of 
thousands. 


multiple dwellings, 


Source: Calculated by DREE from a 
1966 Census base, (including both 
occupied and vacant dwellings) 
assuming an annual demolition rate 
Of 1749" Lots aie. and additions 
according to Housing Starts and 
Completions, Cat. 64-002. Alterna- 
tively, this can be computed from 
data contained in S.C., Household 
Facilities and Equipment, Cat. 
64-202, as well as the Census of 
Population. 

STS - 


Stocks of thou=- 


sands. 


Single dwellings, 


Source: See STM above. 


YDP - Personal disposable income, mil- 


IONS ROM ao llarsr. 


Source: 5.C., National Income. and 
Expenditure Accounts, Cat. 13-531 
and 13-201. 
All of the DREE data referred to above ends 
in 1971 and, in several instances, differs 


considerably in its national totals from the 
published series which have been revised 
since 1971. In order to analyse satisfacto- 
rily the potential changes which may have 
occurred in energy demand relationships 
since 1971, it is extremely important that 
either these data be revised and updated, or 
perhaps better, that new series derived more 
directly from current published statistics 
be substituted for them. This is one of the 


major tasks presently confronting EMR in the 
development and extension of the current 
version of the demand model. 

D. OTHER DATA 

The remaining data not included in the 
quantity, price and economic activity cate- 
gories cover temperature, fuel BTU content, 
efficiency, own use, and source distribution 
of electricity. Temperature variations are 
used to explain residential energy demands, 
while data on fuel efficiencies provide the 
crucial tink, sin the EMR methodology, 
between input and output BTU's, as well as 
accounting for conversion losses in the 
production of coke from coal and in the 
thermal generation of electricity. Data on 
the BTU content of fuels per natural unit 
ane uscdm stow calculate, an the first in- 
stance, input BTU's consumed, and in the 
course of the projections, demand for the 
major fuels in natural units. 

Temperature data is collected in Canada by 
the Atmospheric Environment Service of the 
federal Department of the Environment. This 


information, which is collected from an 
extensive network of stations across Canada, 
was incorporated into the analysis on the 
basis of heating degree days. For any given 
day, the number of degree days equals’ the 
number of degrees by which the average daily 
temperature (average of maximum and minimum 


temperatures) falls below, 18 degrees 
Celsius. For example, if the temperature on 
February 8th averaged -5 degrees Celsius, 
that would represent 23 degree days. This 
data is collected on a monthly basis and 
aggregated by the Atmospheric Environment 
Service on a heating season rather’ than 
calendar year basis. 

For purposes of the EMR demand analysis, 


degree days on the previous Fahrenheit basis 
(65 degrees) for the major city in each 
region were added up within each year and 
divided by the 'normal', 30 year average 
annual historical degree days, to produce a 
ratio. This ratio expresses, for each 
region, the temperature-related heating 
requirements of that year relative to the 
long-run average. A larger ratio means a 


relatively colder year. It cannot, however, 
be used to compare temperatures across 
regions. No comparable data are presently 


available on annual cooling requirements. 


——————————————— EE 


* Hedlin Menzies and Associates Limited, 


Energy Scenarios for the Future, July 
1976p s00: 


Sherman H. Clark Associates, Canadian 


OM 


Information on the BTU content 
fuels, required to convert natural units 
to BTU's, is taken from various issues of 
DESD. Except for natural gas, these BTU 
content coefficients have remained constant 
over time. (See Table 12) 


of different 


Precise information on fuel 
efficiency ise onem of sthe 
plecesi Soh data’ torr obtains Efficiencies 
depend not only on technology, but also on 
maintenance, the nature of the end use, the 
‘load' factor and the scale of the opera- 
tion. Although ams as evident that 
utilization efficiencies have varied and 
will vary over time and across regions in 
response to a variety of factors including 
energy prices, it has not been possible to 
obtain any more than a snapshot (as of 1974) 
of average utilization efficiencies, as 
estimated by the Combustion Research 
Laboratories of EMR. These factors are 
presented in Table 13. 


utilization 
most difficult 


The efficiency factors used in the EMR 
analysis are, in most instances, quite 
similar to those used in two recent studies 
of future Canadian energy consumption*®. Alga 
has been suggested, however, that the coef- 
ficients tend to represent efficiencies 
under ideal laboratory conditions rather 
than actual average efficiencies. To the 
extent that this is the case, the output 
BTU's calculated with these factors would 
tend to be over-stated, and any significant 
shift to higher efficiency fuels (O52 ey 
electricity) in the historical period would 
not be properly reflected in the rate of 
growth of output BIU's for the corresponding 
period. 

Even though the efficiency factors were not 
assumed to vary over time or across regions 
(resulting in potential residual bias in the 
output BTU energy consumption series), it is 
felt that their use removes a_ substantial 
portion of the distortion in the measurement 
of energy consumption arising from inter- 
fuel substitution. To remove this remaining 
shortcoming, it would obviously be most 
desirable if information on average utiliza- 
tion efficiencies were collected on a 
regular systematic basis -- perhaps by means 
of an annual sample survey involving meter- 
ing of users! energy equipment. 
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Natural Gas Supply and Requirements: 
1973-1995, September 1974, N ESB: 
submission prepared for the Canadian 


Petroleum Association, p. 53. 


TABLE 12 


BTU CONVERSION FACTORS 
Conversion 
Fuel Type Natural Unit Factor 
BIUZs5= "000,000 


Coal: 

Anthracite shorttons of62,0000ibe 25.4000 

Imported bituminous : ts me ¥ _ 25.8000 

Canadian bituminous = ai i a 25.2000 

Subbituminous y ae se 7 17.0000 

Lignite Is ce Sh tS als rae 13.2000 
Coke 3 . . a Mf 24.8000 
Coke oven gas cubac + feet. —_ 8000 0.5000 
Liquefied petroleum gases barrels of 35 Canadian gals. 4.0950 
Crude oil eee x p 5.8030 
Stall -Gas i ears a ‘ 6.2874 
Motor Gasoline ees 7 52.2220 
Kerosene a lien ™ i 5.6770 
Diesel ann Mg ¥ Peto aT Fs) 
Light fuel oil bd nea id ce see yah) 
Heavy fuel oil iN UES oa % Me 6.2874 
Petroleum coke i ee ue 6.3392 
Aviation gasoline : ela ie ” 3.0505 
Aviation turbo fuel si eee i. ‘4 524045 
Natural gas cubaen fect —21000 1.0700/1.0000 
Electricity kwh - '000 344120 
Source: Statistics Canada, Detailed Energy Supply and Demand in Canada, 

Cait Si=207). 
TABLE 13 


UTILIZATION EFFICIENCY FACTORS 


(%) 
Residential Commercial Industrial Transportation 
Road Rail Aire )gMarine 

Coal 50 65 87 = 8 = 8 
LPG 1D 78 85 = = = = 
Still Gas = = 85 = = = = 
Kerosene 55 82 82 S Dp e DD 
Diesel Oil 23 23 26 23 Des: = L5 
Light Fuel 

Oil 65 82 82 = 82 © 10 
Heavy Fuel 

Oil 80 80 87 = 80 = 10 
Motor Gasoline = si = 20 + = = 
Aviation Gas = = = = = 20 = 
Aviation 

Turbofuel = 4 = = = 30 = 
Natural Gas i> 78 85 = = = = 
Electricity 100 100 100 = 2 = . 
Source: Discussions with personnel at Canadian Combustion 


Research Laboratories, EMR. 
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Data on conversion efficiencies in 
production of electricity and coke are more 
straightforward. Because this information 
was not included in any econometric esti- 
mates, lengthy historical series were 
notrequired. Estimates of these efficien- 
cies were used only to start the projections 
off at approximately the right level, and to 
serve as the basis for judgmental assump- 
tions about future conversion efficiencies. 


the 


In the case of electricivy ; conversion 
efficiencies can ~ be obtained from DESD, 
which provides details of the kilowatt hours 
generated by each fuel (in footnotes to the 
main tables), as well as the quantities of 
fuels used in the generation of elec- 
tricity. This source covers both electrical 
utilities and industrial establishments 
which generate their own electricity. A 
parallel source, covering only power 
ubilitres, is available in Statistics 
Canada’s Electric Power Statistics, Vol. II, 
Cat. 57-202. 


Estimates of the conversion efficiency of 
transforming coal to coke and coke oven gas 
ean be obtained directly from DESD by 
dividing total production of those fuels by 
the quantity of coal used to produce them. 
These numbers are available at both the 
regional and national levels but, for 


purposes of the EMR projections made to 
date, a national factor of 87% has been used 
throughout the forecast period. 


Information on 
energy supply 
obtained directly 

ratios for each fuel 
dividing the consumption of 

supply industries by the sum of 
in other sectors. Again, for purposes of 
the EMR projections, national average own- 
use ratios were applied to the calculated 
demands in each region. This will, of 
course, generate some distortion in the 
regional results to the extent that the 
regional production of energy supply 


own-use of energy by the 
industries can again be 
out of - DESD. Own-use 

ean be calculated by 
the energy 
consumption 
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industries is not proportional to 


regional 
consumption levels. It should be noted that 
for natural gas, the own-use proportions 
used over the projection period were based 
on NEB's forecasts of fuel and losses for 
domestic use as a proportion on total 
net sales*, Because of definitional 
differences, these numbers are considerably 


lower than those contained in DESD. 


The final set of data required to make 
projections with the EMR model concerns’ the 
way in which electricity is generated, or 


source distribution of electrical genera- 
tion. Once again, this is information 
that wis used only over the projection 


period tofacilitate a complete accounting of 
total energy demands. Information on source 
distribution is available in Electric Power 
Statistics**, but it covers only electrical 
utilities and tends to focus on fossil fuels 


-- their costs and conversion efficiencies. 
Because the EMR framework includes the 
demands for electricity of industrial 
establishments in total electrical demand, 
the DESD publication was used as the basis 
for source distributions. To calculate 


these, the first step is to derive the split 
between fuels and primary sources of genera- 
tion from the data on electrical supply. 
To further sub-divide the fuels component, 
it is necessary to refer to the footnotes to 


the DESD tables which list the fuel sources 
of electricity in considerable detail 
(including wood). The primary category 
includes both hydro and nuclear generation 
and there is no explicit attempt in the 
modelling framework to disaggregate them 
further. 
* NEB, Canadian Natural Gas Supply and 
Requirements, April 1975, p. 21. The 


own-use ratios for gas presented in 
this report start in 1973 and extend to 
1995. 


** Statistics Canada, op. cit. 


Chapter 4 


SECTORAL PROJECTORS* 


This chapter describes the method by which 
energy demands are currently projected in 
the EMR modelling framework. In most ebug 
not all sectors, an attempt has been made to 
base these projectors on statistically valid 
relationships with underlying explanatory 
variables, consistent with the hypothesis 
that energy demands are derived from other 
economic wants and activities. Wherever 
possible, energy prices have been included 
in the estimated relationships along with 
the levels of economic activity. 


Where regional data have been available 
a long enough period to allow the 
of historical behaviour, the data have been 
pooled in order to increase the number and 
diversity of observations, resulting in a 
cross-section of time series for each 
sector. Each equation was estimated with 
separate regional intercept terms, but the 
effects of all other variables, with only 
two exceptions, were assumed constant across 
regions. This method has a particular 
advantage in the case of energy prices. 
Even though they may have remained nearly 
constant or even declined over the histor- 
ical period within each region, the range of 
prices experienced across regions allows one 
to have more confidence that the coef- 
ficients will have validity for price 
increases as well as decreases.** All 
equations were estimated by ordinary least 
squares (OLS) without further corrections or 
refinements. 


over 
analysis 


For the most 
discussed in thas 
estimated over a_ period 

Although more recent energy 
now available to test the stability 


all of the 
chapter 


Part, equations 
have been 
ending sin. 197412 

statistics are 


of the 


* Projectors are here defined as 
by which projections are made. 


the means 


** An undesirable side effect of 
technique is the difficulty of 
ting the resulting elasticities. They 
are a mixture of short-run (within a 
region) and long-run (across regions) 
effects which must be handled with 


this 
interpre- 
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originally estimated elasticities, the major 
obstacle to this exercise has been the lack 
of more recent regional economic data. An 
effort is underway at EMR to replace the 
original regional economic data series with 
other data drawn from sources which can be 
kept at least as up-to-date as the energy 
consumption statistics. Once these data 
have been collected, all of the demand 
equations will be re-estimated. 

This chapter is organized 
lines. For each sector, the 
in the model is. presented, 
general discussion of other specifications 
tried and rejected. The significance of, 
and the problems with, each of the estimated 
results are also discussed. Wherever an 
equation has been estimated for a_ sector, 
and included in the model, it has_ been 
presented with its coefficients (with their 
associated t - statistics in brackets 
below), and some of its more important 
statistical properties: 


along sectoral 
projector used 
along with a 


| 
" 


Multiple correlation coefficient, 
corrected for degrees of freedom. 
(Proportion of total variation in 
dependent variable "explained' by 
equation. ) 

COV of variation (standard 
estimate divided by the 
value of the dependent 


Coefficient 
error of 
average 

variable). 


Degrees of freedom (total number of 
observations less the number of 
dependent variables and intercepts). 


caution. -sThere -is also “a adiéfiveulty, 
discussed above in Chapter 3, Section B, 
of using indices which are not fully 
indicative of interregional variations. 
Actual levels of the selected variables 
are to be preferred to indices for this 
reason, and will be incorporated in 
future refinements to the EMR model. 


A. RESIDENTIAL 


As noted previously, energy demands in the 
residential sector are an agglomeration of 
consumption for end uses as. diverse as 


heating and cooling, operation of appliances, 
and farming operations. Although there is 
substantial variation in the level of resi- 
dential energy consumption across regions, 
there is much less difference when account 
1s! etaken? eof, relative population size. 
Because the household can most reasonably be 
considered the consumption unit in the 
residential sector, the measure of demand 
which has been selected for analysis is the 
level of output BTU's per household. 


The four explanatory variables used in 
preferred EMR residential equation are: 
relative temperature, real disposable income 
per household, relative energy price and the 
proportion of single, detached dwellings to 
total housing units. The preferred equation 
reproduced below is log-linear and based on 
data from 1958-1971. 


the 


Ln (DEM/HOHO) = - 10.2720 ATL - 9.5089 QUE 
(7556) (6278) 
- 9.7375 ONT - 10.2494 PRA 
(6592) Gait: 
=1065762 BC  =+.69720) bn (DD) 
Cie56) (4.66) 
+ .97834 Ln ((YDP #1000)/ 
(6.08) (PCPI*HOHO ) ) 
-  .31557 Ln (PENR/PCPI) 
(2.34) 
e203, Ln STSA(SES: + 
(4.69) STM) ) 
eM MO59 CuK En USTSVCSTS a+ 
(2.48) STM) ) ) *ONT 
+2 
Ree eet see Coy =e" 1287299 «DP =.60 
Where, 
DEMeve <Trililaons of output BIO's;, 
residential sector 
HOHO = Thousands of households 
YDP = Personal disposable income, millions 


of current dollars 


ae re 


* This test may not be appropriate in a 


separate regional analysis where the sum 
of the residuals in each region does not 
i¢ does 


necessarily add to zero (although 


St 


PENR 


= ©£rrce of energy, residential 
Sector, 1.0 in 1961 

PCPI = CPI deflator, 1.0 in 1961 
STS = Stock of single houses, thousands 
STM = Stock of multiple houses, thousands 
DD = Relative degree days 
and ATL., “QUE!” GNT.; PRAY; BC are 
regional dummies having a value of 1. when 
that region is being considered. 
The reasons for including income, price and 
weather effects are all obvious. The role 
played by the housing stock variables, 
however, requires some comment. The ratio 
of the stock of single dwellings to the 


total housing stock is really standing as a 
proxy for the proportion of households 
living in single dwellings. There are two 
reasons why energy use per household will 
increase as the proportion of households in 
single-family dwellings grows. In the first 
place, the generally larger size of single- 
family dwellings and lack of economies of 
scale (i.e., more outside walls) in heating 
argue for energy use per single-family 
dwelling to be larger than that for multi- 
ples. The second reason has to do with the 
classification of energy use by Statistics 
Canada. As noted previously, multiple 
dwellings to which gas or electricity is 
supplied at commercial rates appear in the 
commercial category. Thus, as the propor- 
tion of households living in multiples 
grows, energy use per household may fall 
simply because such energy demands are no 
longer classified in the residential 
sector. The housing stock variable is 
presumably capturing both of these 
influences. 


combining 
Ontario 
the 


The reason for the additional term 
the housing stocks ratio with the 
dummy is the relatively poor fit for 
equation without that term. It appears that 
the classification problem may be more 
severe in Ontario than in other regions. 
Despite this term, an analysis of residuals 
of actual versus estimated total energy 
demands at the regional level (Table 14) 
reveals some remaining problems (in terms of 
average errors) with the explanation for 
Ontario and British Columbia. 


that 
all 


indicate 
problem in 


The Durbin/Watson statistics* 
serial correlation may be a 


nnn EEE 


the 
of the 


initial 
least- 


across all regions in 
specification as a result 
squares approach). 


TABLE 14 


RESIDUAL ANALYSIS OF RESIDENTIAL ENERGY DEMANDS 
CS SCI) 


Atlantic Quebec Ontario Prairies B.C. Canada 
rs SoZ 964 .904 .960 Ms hoy? LO) 
Durbin/Watson JER! 1.47 “oT 1.64 Wail Rae) 
Avg. Absolute 
Percentage Za) ome) Sele: ES 0! Soe 2.02 


leseOne 


TABLE 15 


SELECTED LOG-LINEAR ARC ELASTICITIES 


Percent 

Change In Coefficient (Absolute Value) 

Independent 

Variable al ee. ae Se oo 

ih 099 293, 5496 694 891 

10 095 252, 465" ehO4D) oe 2. 
50 079 229 ~ 9367 494 611 
100 067 llisitoy, supe ae) S) 384 464 

eS 1 1 

Method: Are Elasticity; (Owe Oy (Pa ee CPO) 


where, Un? Oo era << =n P 


Examples: The arc elasticity for a 50% price increase, given a price 
coefficient of —so,) would be 22292) “The arc elactmicery tor. a a0 
price Increase, witha price,coetficirent™ or -.9,) woul” pe —s4o-4, 

regions. The average absolute percentage fit improved, as one would expect, but the 

errors range from 2.4% to 3.6%, with the relative price term became insignificant. 

highest occurring in British Columbia. As It is interesting to note that the implied 

the 'total Canadat column indicates, how- speed of adjustment was surprisingly high 

ever, the regional errors are offsetting to (40% - 50% per year). Lagged relative 

a large extent. prices were substituted for the lagged 
dependent variable in another experiment, 

Other specifications examined include linear but collinearity precluded the isolation of 

functional forms and lagged dependent suitable price effects. Finally, the equa- 

variables and lagged price terms (to get a tions were re-estimated using a two-year 

measure of the speed of adjustment). The moving average of relative prices, but the 

price and income elasticities, evaluated at results were inferior to the preferred one 

the national means for the linear equations, using current prices. 

were encouragingly comparable to the log- 

linear specifications. The log-linear The preferred equation does most poorly in 

specification was adopted, however, as a Qntario and further experimentation is 

preferable functional form over a_ reasonably warranted. One» such experiment)» could 

long forecast period. With the intro- involve the use of actual regional prices, 

duction of a lagged dependent variable, the while others would require a more detailed 
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look at the distinct characteristics of the 


Ontario market. On an interim basis, how- 
ever, the equation detailed above aS 
reasonably satisfactory. 

The marginal elasticities with respect to 


price and income can be taken directly from 
the coefficients in this log-linear func- 
tional form. These elasticities are valid, 
however, only for relatively small price (or 
income) changes. In the face of the rather 
large percentage increases in price expe- 


rienced since 1973, it is necessary to 
perform a more detailed calculation in order 
to estimate the impact on demand. Some 
representative values of these arc elastic- 
itiess “which can be applied to? any 
log-linear specification, are presented in 
Tables 15. 


B. COMMERCIAL 


The commercial sector, as noted, is a rather 
heterogeneous classification of all energy 
users who purchase energy at commercial 
rates. In addition to conventional 
commercial establishments it includes 
governments at all levels, schools, some 
large residential complexes and small in- 
dustries. Most studies have proceeded by 
aggregating the residential and commercial 


sectors, and after some 
attempting to develop 
explain the 'commercial' demand for energy, 
iteasenot difficult to: see why. Neverthe- 
less, it is desirable to attempt to explain 
these two categories separately, chiefly 
because the preferred estimating form for 
residential demand does not appear nearly as 


experimentation in 
specifications to 


plausible when aggregate residential and 
commercial demand is substituted as the 
dependent variable®*®. 

The independent variables used in the com- 
mercial projection equation are retail 


trade, the fraction of total employment in 
the commercial sector, the relative price of 


energy, the number of households living in 
multiple dwellings and a time trend. The 
preferred equation, based on data from 1961 


to 1971 is presented below. 


203.37 QUE 
(4.95) 


DEM = - 80.670 ATL - 


(2.00) 


SoS pe ee aaa 


2 
* Although the R and income elasticities 
do not change much, the standard error of 
estimate increases by 50% and the price 
elasticity is increased by a factor of 


3.104 
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- 189.28 ONT - 58.419 PRA 
(4.73) Gh59) 

- 99.866 BC + .00859 RTR 
(2.40) G72) 

+ 223.46 (LC/LT) - 38.988 (PENC/PCPT) 
(2552) (1.99) 

+ .16625 (STM/(STS + STM)) * HOHO 
(2.39) 

+ .12996 (STM/(STS + STM)) * HOHO * ONT 
(2.41) 

+ 6.2480 T58 * QUE 
(4.76) 

ae 

Re 42? 9908: COV Merci. OO oe DF = 44 

Where, 

DEM = driilions?! -of, .output. MBit s: com- 
mercial sector. 

RTR = Real retail trade (deflated by CPI), 
millions of 1961 $. 

PENC = Proxy index for price of energy to 
commercial customers, 1961=1. 

PCPI = Consumer price index, 1961=1. 

LG = Regional employment in trade, fi- 
nance, public administration and 
services. 

LT = Total regional employment. 

HOHO = Thousands of households. 

[58 .= Time trend, 1956=(.. 

Retail trade was chosen as the preferred 

measure of commercial sector activity over 

commercial real domestic product (partly as 

a result of data accessibility), while the 

labour ratio provides a measure of the 


relative to 
to be more 
satisfactorily 


growth of the commercial sector 
the total economy which appears 
direct and to perform more 
than the alternative proportion examined 
(the proportion of regional population 
resident in cities of over 10,000 people). 
The rationale for including the number of 
households living in multiple dwellings, and 
for allowing a separate coefficient on this 
variable in Ontario, is again an attempt to 
capture changes in the classification of 
energy use between the residential and 
commercial sectors. 

The reason for including a time trend for 
the Quebec region was the abnormally high 
rate of growth of commercial sector energy 
usage in Quebec over the estimation period. 
From 1958-1971 Quebec experienced an average 
annual growth rate of about 15.2% in this 


end-use sector, compared with an average quantities rise faster than 
annual growth rate of 10.5% for the other activity). 
four regions combined. A dummy variable to 
account for this much higher than average A residual analysis of the preferred 
growth in Quebec was included to provide mercial equation from 1961-1971 is 
more stable and reasonable estimates for the in Table 17. Together with the 
remaining coefficients. on. the, equatiion «itself, »2t sindicates 
more work is required, particularly 

Both linear and log-linear functional forms defining more appropriate activity 
were examined and there were _ substantial relative price variables for the 
differences in the estimated elasticities sector, in pursuing the question of Quebec's 
between them. The linear specification was relatively abnormal performance 
chosen because the results seemed more estimation period, and in 
plausible (see Table 16). The disadvantages satisfactory functional form. It 
of this choice of specification, however, esting to. note ythat,-sto alylerge 
are that there is a substantial variation in errors in estimation of regional 
elasticities across regions, and that the demands are offsetting in 
elasticities tend to fall over time ne estimate of total Canadian demand. 

TABLE 16 


ESTIMATED ELASTICITIES IN THE COMMERCIAL SECTOR 


prices 


deriving a more 


PRICE ACTIVITY (Retail laTrade ) 

L9oI=to 7 1961-1974 

Average pA" Average 1B 
Atlantic =e OO =O 5 6423 .326 
Quebec = Ja22 7) =3209 23.93 .288 
Ontario eS = On 432 337, 
Prairies = 2948 = 2366 374 a205 
Be: =t12348 - .834 2651 514 
Canada Average * - .47 = Sok 425 .326 


a 


* Obtained by dividing average price by average quantity and multiplying the 
result by the price coefficient. 


ee 


Atlantic Quebec Ontario Pratnies’ B.C..." Canada 
2 
R 949 984 .980 945 .799 .999 
Durbin/Watson 2070 P62 1.96 shod yi8) 2374 
Avg. Absolute 
Percentage Ds dhe, 4.45 4.21 4.63 Poel3 05 
lSpevevone 


TABLE 17 


RESIDUAL ANALYSIS OF COMMERCIAL ENERGY DEMANDS 
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statistics 


commercial 


commercial 
arriving at 


C. INDUSTRIAL 


The industrial sector, as it is © defined 
within this framework, is an aggregation of 
five distinct subsectors: fishing, forestry, 
mining, construction and manufacturing. 
There is substantial variation in the degree 
of energy intensity both among these in- 
dustry sub-sectors in general and within 
manufacturing in particular. Given the 
heterogeneity of production technologies 
among these five categories, would not 
expect to have much success in estimating 
energy requirements as derived from some 
theoretically well-specified production 
function framework. Problems in pursuing 
this kind of approach are magnified by the 
lack of appropriately constructed regional 
time series on capital stocks, employment, 
Other inputs and relevant input and output 
price deflators corresponding to the aggre- 
gation level with which we are working. 


one 


The general form of the 
tested made energy demand a function of 
industrial output, capital and labour’ em- 
ployed, and the industrial price of energy 
relative to the Gross Domestic Product price 
deflator. Although the resulting equations 
resemble production functions, it cannot be 
claimed that they are theoretically well- 
specified or firmly based on any theory of 
production. Some work has been done in the 
manufacturing sector using more appropriate 
specifications for several energy intensive 
Manufacturing industries*, but it» has —not 
yet been possible to incorporate the results 
into the EMR structure. In the meantime the 
analysis presented here provides a set of 
projectors that 'explain' variations in past 
energy demands remarkably well (in aggregate 
and in each region), and can be tentatively 
used to project future energy requirements. 


specifications 


The specification which has been selected 
includes only three independent variables: 
real domestic industrial output, a capital/ 


labours ratio «and: the’ relative price oF 
energy. It is log-linear in form and is 
based on data covering the period 1961-1971. 


Ln (DEM) = - 1.2659 ATL - .64113 QUE 
(4.52) Ca) 

wee 70095. ON Tan | 2 002e) PRA 
(2202) (4.08) 


ike el  ——————————E—————————— 


* M. Fuss and L. Waverman, The Demand for 
Energy in Canada. February 1975, Insti- 


tute for Policy Analysis, University of 


Toronto. 
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= 1/2695 BC + -63962 Ln (RDPI) 
(4.39) (10.73) 

eee oO | dan KART) 
(4.12) 

- .58735 Ln (PENI/PGDP) 
(6.96) 

vie 

ee ee 1° a COV = O78 1% 3 DF = 44 

Where, 

DEM = Trillions of output BTU's in the 
industrial sector, excluding coke 
and coke oven gas. 

RDPI = Real domestic product in the indus- 
trial sector, millions of $1961. 

K = Capital stock in industrial sector, 
millions of $1961. 

LI = Employment in the industrial sector, 
thousands of persons. 

PENI = Implicit deflator for output BTU's 
purchased by industrial sector, 1961 
= Oe 

PGDP = Implicit price deflator for national 
Gross Domestic Product, 1961 = 1.0. 


A comparison of the residuals generated from 
this equation with actual energy 
requirements from 1961-1971, yielded the 
information displayed in Table 18. The 
equation performs most poorly in the two 
eastern regions. Again, however, many of 
the interregional errors are offsetting and 
the overall performance for Canada is quite 
satisfactory, with the equation accounting 
for just under 99.5% of the observed varia- 
tion in industrial energy requirements. 
There is no strong evidence of serial 
correlation, and the average absolute  per- 
centage error is only 1.1%. 


Various other specifications were 
including linear forms, separate 
capital and labour, and equations 
lagged dependent variable. Price 
ities were highly significant and 
right sign. They were also agreeably stable 
across most specifications except, as one 
would expect, where the lagged dependent 
variable was included. In those cases, 
price elasticity dropped by about 20%, while 
the implied speed of adjustment to price 
(and income) changes seemed unbelievably 
high at 80% per year. Attempts to include 
both capital and labour’ as explanatory 
variables met with failure, presumably 
because of the high (.92) simple correlation 
between them. The results of the preferred 
equation, which specifies a capital/labour 


examined, 
terms for 
with a 
elastic- 
of the 


TABLE 18 


Residual Analysis of Industrial Energy Demands 


1961-1971 
Atlantic Quebec Ontario Prairies B.C. Canada 
i Se Pe) BS AS .980 BO hehs: Coe 994 
Durbin/Watson 126 Le26 pes) 139 Dnt D | ae he 
Avg. Absolute 
Percentage 4.65 Do L936 Lh Feeds 2 i os) 


itans One 


ee a a 


ratio, suggests that energy is a complement D. IRON AND STEEL 
tolarcapital® Vand? "a substituteseiormw labour. 
This is consistent with the results derived The demand for coke and coke oven gas by the 
from other studies conducted on the basis of iron and steel industry was treated sepa- 
more sophisticated specifications*. rately from other industrial energy demand. 
Rather than being used solely for process 
The estimated price elasticity was stable heat or mechanical energy, these two fuels, 
and does not appear, at first glance, un- particularly coke, are most often used as a 
reasonably high’ ate=0259%0 In / bight.’ of the reagent in the metallurgical-chemical pro- 
very rapid increases in industrial prices cess in blast furnaces. For this reason, 
which have been and will be experienced they are not included as part of the end-use 
since 1971 (it is expected that real prices or secondary energy demand projection in the 
will have approximately doubled by 1980), it EMR framework but are treated separately 
is difficult to believe that industry will with other non-energy uses of energy forms. 
be able to reduce energy consumption per Moreover, because of this fairly direct 
unit of output by 35% from what it otherwise technological process relationship, demand 
would have been, as implied by that coef- was considered unlikely to be sensitive to 
ficient**. This dilemma underscores the price changes. 
risks of applying coefficients based on past 
behaviour to a radically different future. Accordingly, the projection equation was 
New estimates will have to be made as data estimated using iron and steel output as_ the 
become available revealing industry's cur- only independent variable. Furthermore, 
rent response to recent rapid energy price because regional data on iron and steel 
increases. output was not available, the equation was 


estimated only at the national level. 


* E.R. Berndt and D.W. Wood, "Technology, probably be biased upwards (downwards in 
Prices and the Demand for Energy", The the case of the coefficient on activity) 
Review of Economics and Statistics, Vol compared to the 'true' coefficient within 
LVII, August 1975, Number 3, pp. 259-268. a regions, (This “industry! mix’? efiecta tot 

course, is precisely the sort of behav- 

*® See Table 15. One of the difficulties joural response that one hopes to 
with estimating price (and activity) estimate as a result of energy price 
coefficients on a pooled cross-section changes. The question is whether it will 
time series basis for sectors as energy occur to the extent measured by the price 
heterogeneous as industry LS wlalehe, energy coefficient estimated ona pooled basis. 
demands are not strictly comparable among For reasons discussed above, the answer 
regions. If energy-intensive industries is probably 'no'. One solution to this 
have tended to locate in one region (as a problem is to further disaggregate the 
result of lower energy costs, for exam- industrial sector until each component 
ple) then the estimated price (and ' industry is reasonably homogeneous across 
activity) coefficient will incorporate regions. See also Annex I, Section E. 


this regional location effect, and will 
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Regional projections were made by disaggre- 
gating the national total according to 
assumptions about regional market shares of 
iron and steel production. The preferred 
equation, presented below, is log-linear and 
has been estimated over the period 1958-1971. 


Ln (DEM) = 1.7242 + .50625 Ln (RDPIS) 
(6.02) C148:639 
a2 
R = -906 ; COV = .90% ; DF 2 
Where, 

DEM = Demand for coke and coke oven 
gas “in* “trillions of input 
Brus (themuse “of utilization 
efficiency factors is not 
appropriate in the metal- 
lurgical process). 

RDPIS = Real domestic product in iron 
and steel industry, millions 
of $1961. 

An analysis of residuals of this equation, 
as estimated, do not suggest any serious 


problems of auto-correlation. 


Durbin Watson Statistic: 
Average Absolute Error: 


2256 

0.64% 
The results of the equation suggest that 
coke demand is not rigidly linked to iron 
and steel output. Because it reveals that 
coke demands have increased at only half the 
rate of iron and steel output, it suggests 
that there have been some substantial im- 
provements in blast furnace productivity and 


that other, non-coke processes for producing 
iron and steel are becoming increasingly 
important. Examination of recent blast 
furnace coke rates indicates that the scope 
for further productivity gains may be nearly 
exhausted and that further reductions in 
coke demand per unit of aron™~ production 
will come about through changes in basic 
technology. 


included the 
alter- 


examined 
and linear 


Other specifications 
addition of a time trend 


natives. All were less satisfactory than 
the preferred equation. Further work, 
however, is required to regionalize the 
equation in order to take account of dif- 
fering regional metallurgical process 
mixes. Other explanatory variables might 
also be examined, with perhaps a dynamic 
specification, to improve the overall ex- 


planatory power of the relationship. 


oy 


regardless of what sector it may have 


E. TRANSPORTATION - ROAD 


The 


road transportation sector plays an 
important part in the overall demand for 
energy (21% of end-use demands in 1973). 
Unlike the residential, commercial and 


industrial sectors, however, road transport 
is characterized by the overwhelming pre- 
dominance of one fuel, motor gasoline, which 
accounts for about 95% of energy consumption 
in that sector. The balance of the energy 
used is provided by diesel fuel oil, whose 
use is limited to large commercial trucks, 
buses and a very few automobiles. For most 
practical purposes, therefore, the energy 
demands of the road transport sector, par- 
ticularly its automobile component, can 
avoid the interfuel substitution issue and 
focus on motor gasoline. The demand for 
diesel oil is examined separately. 


Gasoline 


The quantity of motor gasoline demanded for 
road transportation appears to be ae rela- 
tively straightforward calculation: the 
product of the number of motor vehicles and 
average miles travelled per vehicle, divided 
by the average miles per gallon of gasoline 
obtained by the vehicle population. Data 
exist on quantity of gasoline and numbers of 
vehicles, but are not available for either 
miles travelled or miles per gallon. Un- 
fortunately, as the gasoline demand data is 
aggregated in the Detailed Energy Supply and 
Demand in Canada publication, all gasoline, 
been 
sold to by the supplying industry, is al- 
located to road transportation. As a 
result, an unknown amount of gasoline con- 
sumed for non-road transportation purposes 
has to be explained along with road 
transport demand. Together, these problems 
led to the adoption of a fairly simplistic, 
but testable, approach which attempts. to 
explain the total quantity of gasoline 
demanded as a function of number of motor 
vehicles, personal disposable income, price 
of gasoline, cars per household, and a 
car/vehicle ratio. 

functional form incorporates 
the demand per vehicle into a _ log-linear 
relationship. This specification, and _ the 
terms it includes, has the advantages of: 


The preferred 


+ allowing for “differing regional con- 


sumption patterns; 
income ef- 


=" taking account of price “and 


fects; 


- recognizing, through the cars per house- 
hold term, the potential limits on the 
number of driving tasks per family, as 
well as the different tasks which more 
than one car may be required to. perform 
(e.g., local vs long-distance driving) and 


- allowing for differing driving patterns 


and efficiencies between the car and 
truck populations*. 
A disadvantage of the specification is that 
it does not pick up any gasoline price 
effects on vehicle population, which is 
taken from other exogenous projections. iG, 
may well, therefore, underestimate the 
importance of price in determining the 
quantity of gasoline demanded. 
The preferred log-linear equation is 
presented below, based on data over the 
period 1958-1972 on a pooled, cross- 


sectional, time-series basis. 


LN (DEM/RMV) = 3.0698 ATL + 2.9449 QUE 


(6.90) (5.94) 

+ 2.8725 ONT + 3.2460 PRA 
(563) (5.79) 

ti cop9e] De 
(Abra) 

+ 0.4835 Ln(10*YDP/ PCPI*POP) ) 
(8.44) 

- 0.2814 Ln(PGAS/PCPI) 
(2556) 

- 0.6224 Ln (CAR/(HOHO* 1000) ) 
(8.07) 

+ 1.24 Ln(CAR/(RMV* 1000) ) 
(4.59 ) 

fe 

R = G22 os COVeia 0.957: Distr Oo 

Where, 

DEM = Demand for motor gasoline in the 

road transport sector, in billions 
Ol OuULpULED TUS. 

* It is difficult to° knowsin advance how 
this» term!” wid affect the quantity 
demanded. To the extent that cars. get 
better mileage and drive fewer miles, a 
negative coefficient could be expected. 
On the other hand, because a_ significant 
proportion of trucks use diesel rather 
than gasoline, the relationship might be 
positive. 
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RMV = Thousands of registered motor. vehi- 
cles (excluding motorcycles). 

YDP = Personal disposable income, millions 
On dollars. 

PCPI = Consumer price index, 1961 = 1.0. 

POP =P Opulatzon,a«-housands, 

PGAS = Price of Number 2 motor gasoline, 
cents per gallon. 

CAR = Thousands of registered automobiles. 

HOHO = Thousands of households. 


All of the terms are significantly different 


from zero and are of the expected sign. The 
positive sign on the (CAR/RMV ) term, 
indicating increased gasoline demand per 
vehicle as the ratio of cars to trucks 


increases, suggests that the effect of truck 
diesel usage outweighs the effects of better 
efficiency and lower distances travelled 
by cars. The negative sign on (CAR/HOHO) 
strengthens the hypothesis that the marginal 


rate of gasoline consumption per family 
falls ‘as the numbers sof, canspeper wtanily 
increases. 

The price and income elasticities appear 
reasonable by themselves but are low in 


comparison with results obtained by Dewees, 
Hyndman and Waverman** who used gasoline 
sales per capita as the dependent variable 
(see Table 19). This is to be expected 
because the total effects of changes in 
prices and incomes on gasoline consumption 
are the combined result of their separate 
effects on consumption per vehicle and on 
the number of vehicles. 

A variety of other specifications were 
tested. Unfortunately, alternative 
equations revealed a wide variation in 
estimated price elasticities, perhaps in- 
dicating a problem stemming from the 
negative correlation between the price term 
on the one hand, and the income and cars’ per 
household terms on the other. Further work 
is clearly required. Ltrs, heopediathat, #2 
more disaggregated motor gasoline modelling 
activity currently underway in the federal 
government, similar to an approach used by 
the U.S. Federal Energy Administration***, 
will successfully resolve some of these 
problems. This approach would allow the in- 
corporation, for example, of the Canada/U.S. 


Demand in 
Wolke 


#* , "Gasoline 


Canada 1956 - 1972", Energy Policy, 
LDL, NO.se 5) JunemiG75,; ppmbcOresioi 
*#**® D. Cato, M. Rodekohr and J. Sweeney, 
"The Capital Stock Adjustment Process 


and the Demand for Gasoline: A Market 
Share Approach", December NOS: FEA 
Mimeo. 


TABLE 19 


COMPARISON OF ESTIMATED MOTOR GASOLINE ELASTICITIES 


EMR 

DHW 
Statue 
2. Lagged 


Pree Income 
—OeZo 0.48 
(0) 255) Oegteys: 
=), 22 Oeil 


SS ee ee ee ee ee a 


DHW: 


Dewees, Hyndman and Waverman 


SS SS SS ee ee ee eee ee ee 


sales weighted fleet average mileage 
regulations which are not included in the 
current analysis. 

Diesel Oil 

The remaining non-gasoline energy consump- 
tion in the road sector is restricted to 
diesel oil. Because of data collection 
problems, it is not entirely clear whether 
aliadrese! used for road “transportation ‘is, 
Hee acces = ineluded. in’ that. sector. Some 
diesel consumption reported as industrial or 
commercial use, for example, might actually 
be used for road transportation. Neverthe- 
less, attempts were made to relate reported 
road diesel consumption to regional economic 
activity and the relative price of diesel 
Ollie inemost=cases, however, price did not 
appear to be significant, and the elastic- 
ities with respect to economic activity 


appeared unreasonably high. 


im order to incorporate a relationship ‘to 


complement the projections of motor gasoline 
demand, the following preliminary equation 
Wasmusedes-lt 1S linear, does not include, a 
price term, and it contains a time trend to 
help reduce the income effect on demand 
growth. It has been estimated over the 


period 1961-1971 using pooled, cross-section 


time-series data. 


DEMO =" 600800. ATL — 1512350: QUE 
(8.25) (6.25) 
2375240. ONT — 246991. > PRA 
(5.60) (1.65) 
OO Lia) BC 
(4.24) 
227 ley RDP + °34706.6 T61 


(9.07) Care 
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2 

R = 952.5 DF = 48 

Where, 

DEM = Millions of output BTU's of diesel 
oil in the road sector. 

RDP = Regional real domestic product, in 
millions of $1961. 

T61 = Time trend, 1961 = 1. 

This equation is included in the EMR model 


aS a temporary means of projecting the 
demand for diesel oil in road _ transpor- 
tation, pending the development of a more 
satisfactory relationship. Further analyses 
might usefully explore the use of demand per 
diesel truck (or truck plus bus) as the 
dependent variable; the incorporation Or 
miles of paved road, with and without lags, 
as an independent variable, and possibly 
some measure of commercial road _ transpor- 
tation freight rates relative to the cost of 
other modes of transport. 


F. TRANSPORTATION - OTHER 


and marine transportation 


satisfactory 


Was iPeelil,  eulie 
sectors remain among the least 
from the point of view of explanation of 
consumption. No serious attempts have been 
made at EMR to develop statistically-sound 
equations to project future demands in these 
sectors. Instead, these sectors are incor- 
porated at the moment into the EMR demand 
structure through a simple ratio relation- 
ship to the sum of energy demanded in the 
residential, commercial and industrial 
sectors. These ratios are first applied at 
the national level to estimate national 
demand for energy in each transport’ sector, 
and then regional demands are disaggregated 
by means of fixed shares of the national 


total. The national ratios and _ regional 
shares are presented in Table 21. 

Further work needs to be done on _ these 
sectors, at least to relate regional 
sectoral energy demands to some measure of 
regional activity. Inclusion of energy 
prices as explanatory factors would also be 


desirable, though perhaps not necessary and 
certainly not easy. Given the recent drop 
in the annual rate of growth in demand for 


air transport, the annually compounding air 
transport energy ratio may be too high. 


The present interim projection method for 
these sectors does, however, have the advan- 
tage of being indirectly sensitive to 
different rates of growth of economic 
activity and different price assumptions. 
The degree of this sensitivity corresponds 
to the weighted average sensitivity for the 
three major end-use sectors to which the 
ratios are applied. 


TABLE 20 


ESTIMATED. DIESEL. OIL ELASTICITIES INNIHE ROAD SECTOR = —L97 1 


Regional Real 
Domestic Product 


(millions 


1961 $) 

Atlantic & 077.9 
Quebec 14,984 1 
Ontario 25,1005) 
Prairies 10,3476 
B.C 7,045.0 
CANADA C2 

TABLE 21 


Quantity of 


Dueeell Orll 


(trillions 
output BTU's) 


O. 


eae 


. 608 


Ue 


838 


145 


val! 


654 


265 


PLOT 


Lood 


[e451 


0.887 


0.996 


256 


TOTAL ENERGY DEMAND IN THE RAIL, AIR AND MARINE SECTORS 
AS A FRACTION OF TOTAL RESIDENTIAL, COMMERCIAL AND INDUSTRIAL DEMANDS 
IN OUTPUT BTU's 


RAIL AIR MARINE 
a) Canada Total O. Ont O- O12 i 0.005 
Kink 2/0360) 

b) Regional Shares 
Gie SOCieone, Ieee! 

Atlantic pe lcryy LOZ +363 

Quebec 256 .300 By 

Ontario 273 a2 7/0 .169 

Prairies 253 .184 .000 

eG. 1 2il .144 Albis) 


woe fe = dl sm LOW. 


oOoo— SS 
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Elasticity 


G. NON-ENERGY USE 


Aside from the end-use sectors which consume 
energy products to derive usable energy from 
them, there are a variety of small but 
important uses of energy resources. which 
involve non-energy applications. These 
include lubricating oils and greases, 
asphalt for roads and building materials, 
and petrochemicals such as fertilizers and 
plastics. In total, these uses of oil and 
gas amount to 6% of current end-use de- 
mands. theseinclusions of) coke. as. amon 
energy use of coal (examined separately 
above in Section D under "Iron and Steel") 
would add another 4% to this figure. Demand 
for energy forms to satisfy these non-energy 
uses has been separated according to the 
energy form, either oil or gas. Independent 
equations have been estimated only for lubes 
and greases, and for asphalt, while pro- 
jected demands for petrochemical feedstocks 
of crude oil and natural gas were taken from 
the 1975 reports of the National Energy 
Board on oil and gas (cited previously). 
Because of data limitations, no attempt was 
made to disaggregate non-energy use by 
sector (i.e., residential, road, etce.), but 
estimates were made on a regional basis. 


Lubricating Oils and Greases 


These products are used in a wide variety of 


applications in every sector of the econ- 
omy. It therefore seems reasonable vO 
Suppose that consumption of lubes and 


greases will vary directly with some measure 


of aggregate economic activity. For pur- 
poses of the EMR analyses, regional real 
domestic product was chosen as the measure 
Olecoiseactavi cy. Several alternate spec- 
ifications were examined including both 
linear and log-linear functional forms, with 


and without a lagged dependent variable. 


The preferred equation, based on data 
covering the 1960-71 period, and in log- 
linear form, is presented below. No attempt 
was made to transform the consumption data 
into BTU's because, in this context, they 
were not considered to be meaningful. 
Pn wDEM) =) 2.9923 ATL + 2.8830 QUE 
(4.16) (4.02) 
+ 2.9864 ONT +3 30105 PRA 
(4.00) ERO) 
+ 2.9309 BC + .O44790 NWT 
(4313) Giz 55) 


+  .45353 Ln(RDP) 
(4.63) 
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+ -48015 Ln(DEM(-1)) 


(4.23) 

Be 

R = 996 ; COV = 2.0.2 9.c9ee DF = 52 

Where, 

DEM = Quantity of lubricating oils and 
greases consumed, in barrels. 

(-1) = Lagged value of variable. 

NWT = Dummy for the years prior to 1963 
in which consumption data for the 
North West Territories was 
included in the Prairie rather 
than the B.C. region. 

RDP = Regional real domestic product, in 


Midevons of o19 bilo. 


Although this equation fits well, it is not 
without problems. The high correlation 
(.97) between RDP and the lagged dependent 
variable casts some doubt on the robustness 
of the income coefficient. In the equations 
without this dependent term, the income 
coefficient, as expected, increases substan- 
tially with a reduced standard error, and 
there appears to be a Significant degree of 
auto-correlation in the residuals. The 
coefficient on the lagged term in the _ pre- 
ferred equation suggests that roughly half 
the long-run income effect occurs within the 
first year. 


It would be desirable to introduce a price 
term into this relationship to expand the 
degree to which overall energy demand pro- 
jections respond to price changes. Faced 
with the wide variety of products covered by 
lubricating oils and greases and an almost 
total absence of historical price data, 
however, the prospects of incorporating a 
price effect are not bright. 


Asphalt 


Most of the comments made with regard to 
lubes and greases also apply to asphalt. 
Asphalt is consumed in many sectors, in a 
variety of forms. Price data is not readily 
available. The same kind of equations were 
analysed using regional real domestic pro- 
duct as the activity variable. Results and 
problems were also similar to the lubes and 


greases analysis. The preferred projection 
equation for asphalt, based on 1960-1971 
data, is presented below in its log-linear 
form. 
Ln(DEM) = 2.8326 ATL + 2.6695 QUE 

(3.00) (2246) 


4. 2.5297 70NT tied C4382 PRA separately, in trillions of BTU's. Refer to 


C2562) (2.90) Chapter 6, Section G, ("Demands for Petro- 
chemical Feedstock") for details of the 
+ 2.6070 BC + 0.44578 Ln(RDP) assumptions used in developing the petro- 
(2.85) Ce TiOn chemical demands for the Strategy Report. 
+ 0.54051 Ln(DEM(-1)) H. SUMMARY 
(4.81) 
For all of the sectors for which projecting 
2 equations have been estimated, this section 
R = .974 ; COV = 0.60 °% ; DF = 53 provides a summarized comparison of the 
principal results. Table 22 outlines’ the 
Where, variables used in the estimation of the 
equations and in their projection in each of 
DEM = Quantity of asphalt consumed, in the sectors for which this approach has been 
barrels. used. Table 23 summarizes the energy demand 
(= 1) Se Lagged value of variable. elasticities for the activity and price 
RDP = Regional real domestic product, in variables (where applicable), evaluated at 
millions of 1961 $. 1971 levels, for each of the estimated 
equations. Finally? + “the proportions of 
Petrochemical Feedstocks total end-use demand ‘'explained' by means of 
the projection equations described in this 
Instead of projection equations linked to chapter are listed in Table 24. Of total 
economic variables, it was thought to be estimated end-use demand for energy in 1973, 
more desirable at the present to leave the this table indicates that the EMR projection 
petrochemical demand for oil and gas _ exog- equations explain over 90 per cent, with 
enous to the total model. Assumptions about only oil and gas used for petrochemicals 
demands for these purposes can be entered (about 3 per cent of total end-use demand) 
directly into the model (on a _ year-by-year, treated as truly exogenous to the projection 
region-by-region basis) for oil and gas process. 
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TABLE 22 


INDEPENDENT VARIABLES USED IN ENERGY EQUATIONS 
a EN 


Sector/Fuel 


Residential 


Commercial 


Industrial 


Iron and Steel/Coke 


Road/Gasoline 


Road/Diesel 


Lubricating Oils and Greases 


Variables 


Relative degree days 

Real personal disposable income per household 
Number of households 

Real residential energy price index 

Ratio of single to total housing stocks 


Real retail trade 

Real commercial energy price index 

Ratio of commercial to total labour force 
Ratio of multiple to total housing stocks 


Real industrial domestic output 

Real industrial energy price index 
Capital/labour ratio 

Real national iron and steel domestic output 
Real personal disposable income per capita 
Real price of motor gasoline 

Number of cars per household 

Ratio of cars to total vehicles 


Real domestic output 


Real domestic output 


Asphalt Real domestic product 
TABLE 23 
ENERGY DEMAND ELASTICITIES 
Sector/Fuel Demand Elasticity 


Residential 

Commercial 

Industrial 

Iron and Steel/Coke 
Road/Gasoline 

Road/Diesel 

Lubricating Oils and Greases 
Asphalt 


Activity Prace 
02978 = Os cuke 
0.326 i BS 8 
0.640 or 
0.506 7% 
0.484 = OAS 
12206 % 

02454502872) = 
0.448 (0.974) ¥ 


lies De ee ee eee 


Estimated on the basis of 1971 levels. been 
Figures in brackets are long-run equilibrium elasticities generated 
through the particular lagged dependent variable specification used. 


ee SS 
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TABLE 24 


RELATIVE IMPORTANCE OF DIFFERENT END-USE SECTORS 
IN CANADIAN ENERGY DEMAND - 1973 


Percentage Percentage 
Trillions of End-Use Explained 
of BTU's Demand by Equations 
Residential 1,095 20e6 2006 
Commercial 744 14.0 14.0 
Industrial (1,695) (S19) (ne) 
Ex. ironies steel 1,471 Zeal Day 
Iron and. steel (1) 224 Gai Ane? 
Transportation Ciao) (27.5) C21 20) 
Road - motor gasoline 1,049 Toe: Oy, 
- diesel uM 128 i ee) 
Rail 96 Wad AS 
Air 120 P| rane 
Marine 125 2.4 ey, 
Secondary Demand 4,995 94.0 Sis) 
Non-Energy Use (318) (6.0) (3a) 
Oil 
Petrochemicals (2) 76 bee = 
Lubes and greases (2) 37 OST Oz 
Acpialtac2), 130 2.4 2.4 
Gas petrochemical (3) iD 1.4 = 
End-Use Demand Solas 100.0 JORG 
Energy Supply Industries (432) (8.1) 
Own-Use 
Coal = = = 
LPG 3 = = 
Oil (4) 234 Fae} = 
Gas (5) 116 Dee, = 
Electricity 76 Lit = 
Total demands before Dgthho LOset 90.6 


conversion of electricity (6) 


Notes to Table 24 


1. Consumption of coke and coke oven gas in 
the industrial sector: converted to it coal 
BTU's coke and coke oven gas). 


pipeline fuel and losses on all gas_ to 
Canadian markets. 


6. This represents a portion of net primary 
2s Statistics Canada, Refined Petroleum demand as defined an this report. 
Products, 45-004, January 1974. Electricity is valued at 3,412 BTU's/Kwh. 


3. National Energy Board, Canadian Natural * Although these sectors are not, strictly 
Gas, Supply and Requirements, April 1975. speaking, ‘explained' by means of 
statistically estimated equations, they do 
vary directly with the levels of demand 
projected for the other sectors. That. eis, 
they are not purely exogenous. 


4. Sum of energy supply industries' use. 


De “NESB. (Operetta ale Includes only 
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Chapter 5 


CALCULATING FRAMEWORK 


The general nature of the process involved 
in making an energy demand projection has 
already been briefly described in Chapter 2, 
which contained a flowchart of the modelling 
structure. This chapter describes in more 
detail how the projecting equations discus- 
sed in Chapter 4 are combined with a_ variety 
of other assumptions in order to develop a 
projection of total energy demands. ATI OF 
the technical details on actual model use, 
however, are deferred to the User's Guide in 
Appendix A. Descriptions of the specific 
assumptions underlying the Strategy Report 
projections are presented in Chapter 6. 

STEP 1: PRICE ASSUMPTIONS 

The first step in projecting energy demands 
in this framework is the development of a 
set of price assumptions over the projection 
period for the residential, commercial, in- 
dustrial and road transport sectors. This 
is done outside of the main demand model 
using a separate price projection program. 
The price projections are made in terms of 
energy real price indices (i.e., deflated by 


the CPI) for the residential, commercial and 
industrial sectors, and in terms of real 
prices for motor’ gasoline. The national 


average prices and indices are built up from 
their regional components. 


aggregate 
separate 


energy 
assump- 


The generation of these 
price projections requires 
tions about: 


- domestic crude oil prices 

- natural gas prices 

- electricity prices 

- transportation and distribution margins 


- expected future market shares of oil, gas 
and electricity in each region for each 
of the residential, commercial and indus- 


trial sectors, and 
- federal and provincial taxes on gasoline. 


In the case of gasoline, an attempt is made 
to project actual regional delivered price 
differentials. For other oil and natural 
gas, a delivered-at-Toronto cost is used as 
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the proxy for all regional prices. In the 
ease of electricity, Canada averages are 
used as the proxies for regional prices. 
For the non-gasoline price indices, indi- 
vidual sectoral fuel prices are transformed 
into fuel indices which are then linked to 
their respective historical series. These, 
in turn, are weighted by their normalized 
Market shares to derive an energy average 


price index for each sector and each region. 


are used 
energy demand pro- 


calculations 
main 


The results of these 
as inputs to the 


gram. Further details of how the price 
program performs its calculations, and the 
assumptions needed to make it run, can be 


found in Appendix A (separate volume). 


STEP 2: REGIONAL ECONOMIC PROJECTIONS 
Assumed national values for the remainder of 
the economic variables used to project total 
energy demands are presently derived from 
simulations of the CANDIDE econometric mod- 
el*, Because a satisfactory regional 
version of this model is not yet available, 
it is necessary to disaggregate the national 
totals by fairly arbitrary assumptions to 
obtain the regional indicators of economic 
activity which are used in the EMR energy 
demand model. This disaggregation is 
achieved by first making assumptions about 
future regional population levels and _ then 
assuming that, for each variable, the -re- 
gional share of the national total will move 
over time in such a way that regional per 
capita differentials will be reduced at a 
specified rate. 


resulting 
into the 
spreading 

During 


The regional economic projections 
from this process are incorporated 
demand model as a set of regional 
ratios attached to a national total. 


* McCracken, M.C. An Overview of CANDIDE 
Model 1.0 (CANDIDE Project Paper No. 
ioe Ottawa: Economic Council of 
Canada, 1973, pp/xii, 337. 


model simulation, two user options are 
available to over-ride these economic 
assumptions. User Option 1* allows constant 
growth rates to be imposed on specified 
variables beginning in a given year. User 
Option 2 allows the user to modify the 
regional distribution of any set of 
variables. 


such as 
national 
projecting 
increase 


econometric model 
least the 
used in 


Using a _ large 
CANDIDE to generate at 
economic assumptions 

aggregate energy demands helps to 
the chances of making a consistent set of 
assumptions. These chances could be further 
improved through the use of a_ regionalized 
model. All of these models however, only 
help to take into account the effects of 
economic activity on the energy system. 
Feedbacks in the opposite direction clearly 
exist and the EMR analysis partially cap- 
tures them by a series of model '‘itera- 
CLOnSs.. These iterations, or successive 
solutions using better assumptions, are 
designed to achieve consistency between the 
national economic and the energy models in 
terms of results and assumptions relating to 


prices, trade, investment and consumption. 
Because this process is a long way from 
being automated and fully comprehensive, 


for minor discrep- 
hoped that these 
overall modelling 


however, it is possible 
ancies to occur. LG aS 
will be eliminated as the 
system is improved. 

STEP 3: TOTAL ENERGY PROJECTION 

After all exogenous assumptions have _ been 
entered and modified as desired, total ener- 
gy demands are projected for each sector in 
each region. Prior’ -tofatnisetcaicularion;, 
User Option 14 allows a lagged price 
response to be specified for those sectors 
which include a price term (currently the 
residential, commercial and industrial 
sectors, plus motor gasoline in the road 
sector). 


Subject to the assumed pattern of price 
responses, total energy demands in output 
BTU's are calculated for the seven end-use 
sectors (residential, commercial, industrial 
and the four components of the transpor- 
tation sector) according to the equations 
outlined above in Chapter 4. Another user 
option (No. 3) is available at this stage to 
override the equation-projected results in 


specified years. Modification is accom- 
plished by specifying a percentage increase 
* Detailed descriptions of the model code 


and these User Options are contained in 


Appendix A. 
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or decrease in the chosen 
intermediate years are 


years; values in 
automatically inter- 


polated. This option reflects the desire to 
allow the incorporation of changes in the 
relationship of output BTU's to aggregate 


activity that are expected to occur but that 
eannot be statistically captured on the 
basis of observed experience. Such changes 
may result from such broad considerations as 
changes in insulation (or general building) 
standards to improve the energy efficiency 
of buildings; introduction of new technolo- 
gies, such as heat pumps, district heating, 


and rapid mass transit systems, or changes 
in preferences that may lead, for example, 
to reallocations of transportation demands 


among alternative modes. 


STEP 4: FUEL DISAGGREGATION 

Having derived the projections of aggregate 
output BTU's for each end-use sector and 
region considered, and adjusted them le fa 
desired, it is necessary to convert these 
total energy projections into demands for 
particular energy sources. The model con- 
tains standard assumptions as to the distri- 
bution of aggregate output BIUYs among 
twelve different energy sources, for each 
market considered. Once again these as- 
sumptions can be easily modified by the user 
in two respects. First, market shares can 
be specifteds iin, tany;e lors ally sof atheses5 
markets for any, or all, years (User Option 
4). Additionally, or alternatively, there 
is the option of specifying sets of projec- 
ted price relatives and price elasticities, 
which will then be used to adjust the market 
shares (User Option 5). 


The design of the system reflects the view 
that one of the crucial determinants of 
future energy demands is likely to be the 
nature and extent of interfuel competition. 
Work is underway to attempt to model past 
behaviour of market shares and eventually 
the system will be expanded to include the 
results of this exercise as a standard (or 
default) assumption. In the meantime, how- 
ever, there is substantial scope to experi- 
ment with different assumptions about market 
shares and assess the relative importance of 
alternative market-development patterns. 


STEP 5: CONVERSION TO SECONDARY DEMANDS 

The next step in the process, after the 
shares have been used to distribute aggre- 
gate output BTU's among fuel types, is the 


conversion, for each fuel, from output BTU's 
to.inpute eBIU Ys: This is accomplished by 
dividing the output BTU's for each fuel in 
each market by the applicable utilization 
efficiency factor. The default assumptions 


for these factors, which are assumed in- 
variant across regions, have been presented 
cariirer sin. Table= 19 of Chapter ° 3: Again, 
there is provision (User Option 6) for any 
of these factors to be changed, at the 
user's discretion, for any or all years. 
This provides a capability to capture 
directly the effects of such technological 
developments as more efficient automobile 
engines or improved residential furnace 
systems. 


After converting individual fuel demands to 


input BTU's, the model sums across fuels, 
sectors and regions to derive a variety of 
aggregate secondary demand indicators. 
There-is also a set of calculations of fuel 
market shares in terms. of input BTU's. A 
potentially desirable user option which 


might be incorporated at this stage would be 
a provision to adjust calculated input BTU's 
for specific fuels in given years. ins 
would facilitate precise energy demand ad- 
justments, without prior revisions to output 
BTU's or market shares. Such an adjustment 
of course, might generate serious inconsis- 
tencies with the basic total energy approach. 
STEP 6: NON-ENERGY DEMANDS 
The remaining 
Chapter 4 are 


projecting equations of 
then used to derive proj- 
ections for the non-energy product demands 
for coke and ‘gas, lubricating oil and 
greases, asphalt. To these are added the 
assumed levels of petrochemical feedstock 
demands for crude oil and natural gas. No 
specifie overrides have been adopted for 
these areas because they can be directly 
adjusted through the input data. 
STEP 7: INTERMEDIATE FUEL DEMANDS 
Intermediate fuels are defined here as' those 
fuels which are created, to at least some 
extent, from a different type of primary 
energy. The main intermediate fuel in the 
EMR demand framework is electricity. Margy als: 
also convenient, at least for expository 
purposes, to treat coke and coke oven gaS as 
intermediate fuels used for non-energy 
purposes. 


are the 
into the 
EMR model. 
(or rather, 
are both 
seem to 
inclusion 
synthetic 
more 
the 


At the moment, electricity and coke 
only two types of fuels which fall 

‘intermediate' category in the 
Petroleum products and LPG's 
their crude oil equivalents) 
treated as primary fuels. It would 
be desirable to work towards the 

of LPG's, and perhaps some of the 
fuels which are likely to become 

important over the medium tern, into 
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intermediate demands are 


intermediate category. In the case of 
LPG's, this classification would help focus 


on the joint-product nature of this fuel 
(from natural gas processing and oil 
refinery production), as well as the change 
in average BTU content that occurs in 
natural gas supplies at the processing 
plants between the wellhead and final 
markets. 


In this step, gross electricity demands in 


each region are calculated by adding a 
proportional adjustment to the total net 
electricity demands across all S€@vOrs. 


This adjustment reflects assumed losses on 


transmission and distribution from the point 
of generation to ultimate consumers. 
Because of data limitations, however, it 
does not cover’ use of electricity by 
generating stations. The assumptions for 
these proportions can be revised through 
User Option 7, which allows overrides for 
any specified year. It should be noted that 
the own-use proportions for electricity are 
assumed constant across all regions. 

STEP 8: DEMAND FOR PRIMARY FUELS 

After intermediate fuel demands have been 


estimated for electricity and 
necessary to calculate the net demand for 
primary fuels required to produce not only 
these intermediate fuels, but also all other 


eoke, At is 


fuels for energy or non-energy purposes. 
The primary energy needed to produce the 
intermediate fuels is estimated in a three 


step process. 


First, the source shares of ‘primary fuels 
used to produce the intermediate fuels are 
specified, for each region and each year as 
fractions of total intermediate fuel demand 
(e.g., 100% coal for coke, 80% hydro/nuclear 
for electricity, 20% coal for electricity). 


Next, the conversion efficiencies are speci- 
fied for each year and region. These 
parameters indicate the ration of inter- 
mediate fuel produced relative to the 
quantity of primary fuel consumed in the 
conversion process, in terms Of OSBIGs: 
Although the coal to coke conversion process 
is relatively efficient, it should be noted 


that the generation of electricity is one of 
the major areas of energy '‘loss' in the 
entire energy system. Current average 
electrical conversion efficiencies, for 
example, lie in the 25-35% range, depending 
on the type of fuel, the generation method 
and the age of the facility. 


Finally, the primary fuels required to meet 
calculated as the 


product of intermediate demand, the source 
share, and the reciprocal of the conversion 
efficiency. In symbolic terms for each 


region and period this can be represented as: 


Ou Gaa=nOr Ch eke Spinich). SEE p eget) 


Where, 

Q = quantity in trillions of BIU"s 

P = primary fuel p 

2 = intermediate fuel i 

SuCp,.H).“= source) share of s. the mepeh geiuel 
used to produce ith intermediate 
fuel 

E (p, i)= conversion efficiency .for. the 
pth fuel used to produce ith 
intermediate fuel. 

Example: 


Quantity of electricity = 100 trillion BTU's 
Share of electricity from coal = 0.20 
Conversion efficiency (electricity/coal) 

= {0}, {0 
Quantity of coal used to produce electricity 
=a O00 ex aOR /a0s 
= 67 trillion BIU's 


After these calculations for the inter- 
mediate fuels, quantities of each primary 
fuel are summed across all uses, including 
intermediate demand, to arrive at estimates 
of the demands for primary fuels which 
exclude own-use in all the energy supply 
industries except electricity. Again, there 
are user options to override the assumptions 
on the source shares for intermediate fuels 
(User Option 8) and on the conversion 


efficiencies (User Option 9). 


It should also be noted at this 
the quantity of coal used to 
and coke oven gas for the 
industry is added to the demands of the 
industrial sector. In all detailed tables 
of fuel use by sector, therefore, this coal 
demand is part of totai industrial sector 
coal demand and is not explicitly listed 
under the non-energy or the intermediate 
fuel categories. 


point that 
produce coke 
iron and _ steel 


* Own-use consumption of electricity is 
already included in the net primary 
totals. Also see Annex III. 

** This;<.convention.doés. nots Aamplyes .that 
there are waste heat utilization 


48 


STEP 9: GROSS PRIMARY DEMANDS 


The step from demands for primary fuels to 


gross primary energy demands is made by 
adding the own-use consumption of coal, oil 
and natural gas to arrive at net primary 
demands*, then by adding to this the fossil 
fuel equivalent of primary electricity. The 
calculation involves applying a_ proportional 
adjustment to total demands for these fuels 


in each region. The adjustment proportions 
used are invariant with respect to region, 
but do vary over time, and may be further 
adjusted by the user (User Option 7) in any, 
or all, years. The bases against which the 
adjustments are applied are defined as: 


1. Coal: total demands of the seven sec- 
tors treated in the input/output 
framework, plus the demand for coal used 
to produce coke and coke oven gas, plus 
the demand for coal used to. produce 
electricity. 


2. Oil: total demands of the seven end-use 
sectors treated in the input/output 
framework, plus the demand for oil used 
to generate electricity, plus the demand 
for oil in non-energy uses. 


3. Gas: total demands of the seven end-use 
sectors, plus demand for gas used to 
generate electricity, plus demand for 
gas used as feedstocks. 


In the calculation of primary energy de- 
mands, the primary electricity generated by 
hydro and nuclear stations is treated as if 
it was generated from fossil fuels. By 
international convention, it is assumed that 
the generation of 1 kilowatt hour of primary 
electricity would have required 10,000 BTU's 
of fossil fuels if the nuclear or. hydro 
sources were not available**. Because 1 KWH 
of electricity represents 3,412 BTU's of 
usable energy, this assumption is equivalent 
to an implied conversion efficiency of 
(3.H12../ 106 000)y 26344129 tee 1 See Sei odid 
high by comparison with current average 
Canadian conversion efficiencies, but it is 
not out of line with attainable levels using 
newer technology. 


possibilities in hydroelectric gener- 
ation. It is merely to facilitate 
inter-temporal and international energy 
consumption comparisons. 


At this stage in the calculation, several of 
the principal tables describing the results 
are printed. These cover: 


1. Primary energy demands by energy source, 
for each region 


a) trillions of BTU's 
b) source distribution ( %) 


2. Primary energy ratio comparisons 


a) regional primary energy to population 
b) regional real domestic product to 
primary energy 


3. Detailed tables for each year requested 
(User Option 11) and for each region, 
showing fuels demanded in each end-use 


a) trillions of BTU's 

b) end-use market shares 
use of each fuel, for 
only 


“alia wae  <corwelil 
Locale Ganadal 


4, Total regional demands for 
major fuels 


each of the 


- coal 

- oil (including LPG) 
- natural gas 

- electricity 


It should be noted that, although a total 
can be and is calculated for the sum of the 
foursmajor fuels, it is not a particularly 
meaningful number. It double counts the 
fossil fuels used to generate electricity, 
and it fails to ‘'gross-up' the electricity 
generated from nuclear and hydro sources. 
Consequently, it is quite different from the 
primary energy demands contained in earlier 
tables and should not be compared with them. 
STEP 10: PRINCIPAL FUEL DEMANDS 

The final stage in the energy demand pro- 
jection process is the conversion of BTU 
demands into more conventional natural units 
(i.e., tons of coal, cubic feet of gas, 
barrels of oil, and kilowatt hours of elec- 
tricity). Thissiis 8a fairly ~ straight— 
forward process which involves dividing the 
demand for a specific fuel by its BTU 
content per natural unit (see Table 10). 


te ee a ee ee 


* For purposes of including this product 
in primary energy demand, asphalt was 
assumed to have a BTU content of 6.636 


MBTU/bb1, while lubes and greases were 


assumed to contain 6.065 MBTU/bbl. 
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In the case of coal, adjustments are 
necessary to take account of the range of 
BTU contents of different grades of coal 


used by various industries in 
ince. This is done ona tainly 
at the moment with the Maritimes and Quebec 
assumed to use coal averaging 24.5 million 
BTU's (MBTU) per ton, and the Prairies and 
British Columbia using much lower grades at 
15 and 13 MBTU's per ton respectively. The 
only region in which this coal BTU content 
factor was adjusted over the projection 
period was Ontario. There, the average 
content level was assumed to decline 
gradually from 25 MBTU in 1970 to 23.4 MBTU 
in 1990. 


each prov- 
rough basis 


Another minor complexity arises in 
treatment of oil and oil products. All 
products which are specifically identified 
during the earlier stages of the calcu- 
lations are paired with their respective BTU 
contents. Oil used to produce lubricating 
oils and greases and asphalts is included as 


the 


originally estimated by the projecting equa- 
tions in barrels of product*®. Oil used to 
generate electricity is all assumed to be 
heavy fuel oil. Own-use of oil by refin- 
eries is assumed to have a BTU content of 
6.293 MBTU/bbl1. Finally, all remaining oil 


not elsewhere specified (i.e., mostly petro- 
chemical feedstocks) is converted using a 
factor of 5.803**. It should be noted that 
these natural unit estimates resulting from 
this conversion procedure will provide a 
volumetric measure of petroleum product 
demand which is not necessarily equivalent 
to the volumetric requirement for the crude 
oil from which these products are refined. 
An accurate comparison of oil supplies and 
demands is more likely to be achieved 
through the use of BTU's rather than bar- 
rels, particularly if the overall purpose is 
an examination of the energy situation 
rather than the movement of oil products. 


Several additional auxiliary tables are 
available as an aid to the analysis. The 
first presents a reconciliation of natural 
gas demands on a total Canada basis. ie 
attempts to take into account assumed ex- 
ports and export fuel requirements, as well 
as domestic reprocessing shrinkage, to 
arrive at an estimate of total requirements 
(including domestic demands) which can then 


be compared to supply estimates. 


2 ae ee 


*#* This factor may be too high to the 
extent that most petrochemical Qual 
feedstocks are napthas, at an average 


BTU content of about 5.2 MBTU/bbl. 


Another set of optional tables facilitate Surplus supply and surplus as per cent of 
supply/demand comparisons. The user can demand, as well as a standard set of average 
enter assumed levels of supply for each of annual growth rates. To use this option, 
the four major fuels. For each fuel, a refer to User Option 13. 
table is printed which lists demand, supply, a ee) eee 
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Chapter 6 


MAJOR ASSUMPTIONS 


This chapter outlines the major assumptions 
that were made to generate the energy demand 
projections contained in the Strategy 
Reportas it is econvenient to divide these 
assumptions into two groups: the first 
containing those assumptions which were 
explicitly changed in order to generate the 
alternative projections in the Strategy 
Report ('variable' assumptions), and the 
second containing that set which remain 
constant across all combinations of scenar- 
ios ('default' assumptions). All of these 
assumptions are embodied in the calculating 
framework as outlined in Chapter 5. The 
projections derived from them, except where 
explicitly indicated otherwise, are based on 
the premise that the underlying relation- 
ships observed over the historical period 
will continue over the projection period. 


The variable assumptions include those on: 


A. Prices 
B. Economic Growth 


default assumptions relate to: 


Regional Shares 

Dynamic Price Response 

Fuel Market Shares 

Utilization Efficiencies 

Demands for Petrochemical Feedstocks 
Modal Share of Electrical Generation 
Conversion Efficiencies 

Own-Use Consumption Ratios 

Model Adjustments 


bx} (ey 1S) tach (=) ‘ea (ea) (Ss) @) 


* These three fuels are the only ones which 
enter into the energy pricing projections 
for the residential, commercial and 
industrial sectors, as well as for motor 
gasoline. It should be noted that, for 
electricity, this method of price assump- 
tion needs improvement. To the extent 
that prices are set on the basis of 
average cost of production, and that 
marginal costs (of increased total capac- 
ity) are greater than average costs, a 
high rate of growth of electricity demand 
would tend to lead to higher electricity 


Si 


A. PRICES 


Two alternative pricing scenarios were 
examined. In both, the price of natural gas 
was assumed to rise to ‘commodity equiva- 
lent' value (defined as equivalence in terms 
of price per BTU) with erude oil at the 
Toronto city-gate by the end of the decade. 
The low price case assumed that the domestic 
prices prevailing at the end of 1975 for 
oil, coal and electricity would continue 
unchanged in real terms over the projection 
period. By contrast, the high price case 
postulated that coal and electricity prices 
would rise at roughly the same rate as_ the 
price of oil, which was assumed to prise 
faster than the general rate of inflation 
until mid-1978, when it would reach a_ level 
roughly equivalent to the real international 
price as at the end of 1975 (about $13.00 
per barrel landed in Montreal). Comparisons 
of the high and low price assumptions, in 
real terms, for oil, gas and electricity* 
are illustrated in Figure 4 based on the 
detailed numbers in Table 25. 


Except for motor gasoline, the price projec- 
tions are national rather than regional in 
scope (i.e., there are no regional differ- 
ences). Oil and gas are priced at Toronto, 
while electricity is based on a Canada-wide 
averge. There are, however, price differ- 
ences among sectors which attempt to capture 
the costs of processing and marketing fuels 
LOK the three major sectors. These 
‘distribution margins', which are assumed to 


(other 
some 


prices than a low growth rate 
things remaining equal). Of course, 
of the things which don't remain the same 
between these cases are the cost of the 
fossil fuel inputs and the capital equip- 
ment (produced through energy intensive 
processes) used to produce electricity. 
The price of electricity, therefore, will 
not remain immune to the price of oil -- 
particularly in regions of Canada heavily 
dependent on oil-fired electricity 
generation. 
(See also Chapter 9, Section D). 


mills/Kwh 


Figure 4 


FUEL PRICE ASSUMPTIONS 
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TABLE 25 


FUEL PRICE ASSUMPTIONS 


KT97 5S: 
Oil ; Gas Electricity 
Low High Low High Low High 
($ /bb1) (cents /mcf) ~~ (mills/kWh) 
1970 Seg ow ou 
tee Bete 21 ae 
1972 Shears) 20 iiowen! 
19 %3 4.26 ZI Pao) 
1974 6.04 Spl 15330 
1975 7.06 55 15.376 
1976 8.00 8.25 66 87 16555. 17 250 
Shr /e) 8.00 OF TE fi ib) 16.55 ‘is ae 
Lod 8 8.00 L143 88 144 16.55 20.95 
19.79 8.00 MBS) 96 168 16455 22.28 
1980 8.00 ZS SNe) 96 168 16255 22025 


(all prices constant after 1980) 


a ee ne ee ee ee 


Notes: 


1. Prices from 1970 to 1974 have been converted to constant dollars us ing 
the following deflators (derived from the Consumer Price Index), with 


1975 set equalyito 1: 


1970 
1971 
1972 
1973 
1974 


5/038 
eS) 
wo): 
oL78 
.9066 


2. Crude oil prices are basis Alberta wellhead, delayed 45 days from date 


Olminecteaser 


3. Natural gas prices are basis Alberta gas plant. 


4. Electricity prices are based on an average value for all Canada, all 


sectors. 


Source: 


throughout the 
in Table 


remain fixed in real terms 
projection period, are presented 
26. In the case of oil, these margins 
represent the difference between the cost of 
erude oil at Toronto and the prices of major 


oil products to Toronto users (light fuel 
oil for the residential and commercial 
sectors, heavy fuel oil for the industrial 


sector). For natural gas, the margins again 
represent the differences at Toronto between 
the city gate cost and the prices to end-use 
sectors. In the ease of electricity, 
Canada-wide averages for the costs of elec- 
tricity to individual sectors were compared 


to an all-sector average cost. 


EMR estimates and assumptions. 
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In the case of motor gasoline, an attempt 
has been made to make price projections on a 


regional basis consistent with the Alberta 
wellhead price of crude oil. Added to this 
crude oil prices are: 
(i) equivalent transport margins from 
Alberta (regional variation); 
(ii) a refining margin (0.12/gal.); 
(iii). federal sales tax (12% of national 
average refined price); 
(iv) a federal excise tax ($0.10/gal.); 


TABLE 26 


FUEL DISTRIBUTION MARGINS 


(1975 $) 
Out Natural Gas Electricity 
(SH pi) (cents/mc f ) (mills/kwh) 
Residential Dee 94 Aa 5.2 
Commercial bs OS, Va, LOS 
Industrial 1.38 17 me IS I 
Source: EMR estimates. 
(v) a distribution margin from refiners labour productivity. Although = slightly 
to retailers (regional variation) and different in its particular assumptions, the 
progection used-in. the sotrategy  theport. is 
(vi) provincial sales taxes (regional generally similar to the conclusions reached 
variation). by the Economic Council of Canada: 
All motor gasoline margins and taxes were "In extending the horizon to 1985 we note 
assumed to remain constant at their 1975 that, in a situation of full employment, a 
real levels, while tax rates were held at sharp slowdown in economic growth is 
their 1975 levels. likely’ to: occur: “in the date 1970s" and 
early 1980s, both in the supply of, and 
The result of applying these distribution demand for, goods and services. On the 
margins to the basic fuel prices is a set of supply side, population projections 
average energy prices that grow at rates indicate that the structure of the labour 
substantially different from the prices of force will be considerably modified in the 
basic energy resources (see Figure 5). early 1980s, reflecting the much lower 
There are several points of interest to be Dinth rate since 1900, - This) wile resule: 
noted in this figure. First, the rates of in a considerable slowdown in the growth 
increase of energy prices in the industrial rate of the working-age population, and 
sector are substantially larger than those hence of the labour force, insofar as_ this 
in the other sectors, primarily because they trend cannot be entirely offset by 
are starting from a lower base (industrial inereased participation rates. At the 
users typically pay less than smaller same time, the shifting of economic 
customers for fuel). Second, natural gas activity towards low-productivity and 
prices grow at a faster rate in all sectors labour-intensitive industries is expected 
than either oil or electricity because of to slow down productivity growth for the 
the assumption of a movement towards economy as a whole. 
‘commodity equivalent' pricing with crude 
oil. Finally, the average rate of increase On the demand side, the prospects for our 
of motor gasoline prices is much lower’ than foreign trade are not promising. Recur- 
that of other fuels because it starts from a rence of the same favourable conditions of 
higher base -- primarily the result of the 1960s would require a new Kennedy 
federal and provincial taxes. Round, the equivalent of an Automotive 
Agreement, an opportune devaluation of 
B. ECONOMIC GROWTH the Canadian dollar and sustained growth 
Se ae © aii in foreign economies. The decline in our 
The other principal area of variation in the net, oil exports would also: have to; be 
Strategy Report scenarios involves assump- offset in some way, since it contributes 
tions about national economic activity. The to «thers growing: defacit sine the: «current 
lower growth projection was derived from a account balance. Hinally,< salt serious 
CANDIDE simulation which contained assump- slowdown in consumer spending and 
tions reflecting a reduced future rate of expenditures on housing is likely, 


growth of population, labour force and 
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Figure 5 


GROWTH RATES OF ENERGY PRICES 


HIGH PRICE SCENARIO 


(1975-1980) 


14 


12 


\\ NEES SOLOW 
WCHH@MHHMMMMyt 


°8.8 
5 
oneeee 
OD 
‘on etere’ 
Ot) 


a 
% 
se 

e. 
oD 
0 
5 

re 
o' 
ee 

' 


fees 


FO INARI N HHH HHH HHH HHH HHH HHH HHH HH HD 
Petatataacaratanecatetateeetehta tae eee ee geee NON ONON ON CN none ota a to rorenoheteiersvsesssecasatasscerarerececsrerscoeaeneataverecerscececesstoratererareretccacasanotarerererotseacatereraterscscacdcaeoeeeess 
eos 0000800800005 050s Osco eer ececenececececasororeleroracevonacotacarscesnsacararscaverevererersratscecatataterarorersverececesseasesecaraverececececetesereverasararececccececccesaranecenececccscecesesesesscess9c0 000) 


serene ee 00.0 es + +e ete oo es ee eee 
eee eet 


one eee ee 00 0 0 0 eo 0 0 0 0 0 oo ce oe ee seo ee ee ee ff WV Pid Nd Nd OF Fd center eter et et et ete tere ere eee cee cn 0 00 0 8 0 ee 8s oe 6 
CS Se Be me Pe RE OL NE PE DE BE OB OL BCD DD NE le ee 
PPP ar ala hd ad be he he hd he hd oh dd he he ht a Od he Oe he Oe ee et ee 
ene eee ee eo 0 0 0 0 0 0 0 8 0 0 6 6.0 0 06 6 06 0 6 6 0 e660 0 60 66 6-6 0.8.0 00.6.8 0 6 2 8 0 8-0 0.0.6 8 0 + 6.6 8 68.6 06 8 0.6 00 0 0 8 0 6.6.4 60 0.0.6 00 6 6 6 0 oe 


ero ee ere oo 00 6 060 0 60 800 0 0 0006 8 0 0 0 6 6 8 0b 6 4 0 0 6 0 0 0 0 8 0 0 0 0 0 0 0 0 0 eee se 6 6 8 98 8 60 08 
eo eee 


srenvaree 
estetotete! 
satetacere 


feeese] 
Woes 


OSS eI ey eI Seip ae ILO Spot OM PRIEST SII IC yee OIC BS on IOK St PY eI SIC SK RP eI II TR Ieee SII 
CE AC AIR I I PI aad NP SIO SCS KI I PARISI IIT RIO IAI RELIG 


O 0O © Si N SS 


Na Daad 
JiIVYd HLMOYS IWOANNV S9DVESAV 


MOTOR 
GASOLINE 


ELECTRICITY 


NATURAL GAS 


55 


following the deceleration in productivity might happen under different economic 


gains and population growth"*. circumstances. It also provides a measure 

of the sensitivity of the demand forecasts 
The principal economic indicators describing to changes in economic variables. In 
the economic projections used as a basis of comparing the two economic cases, it should 
the EMR projections and those produced by be emphasized that the two are identical 
the Economic Council (ECC) are compared in through 1980. Differences occur only over 
Table 27. These indicate general similarity the 1981-1990 period. Table 28 provides a 
of growth rates, with the ECC being slightly summary of the levels and average annual 
more optimistic on both unemployment and growth rates assumed for the economic 
inflation than the EMR assumptions, particu- variables underlying the demand forecast. 
larly in the earlier period. Both economic 
projections were made before the introduc- C. REGIONAL SHARES 
tion of the anti-inflation program, and its 
impact on the CPI has, therefore, not been Because the EMR demand model is regionally 
taken into account. oriented, for each of the economic activity 

variables discussed in Section B above it is 
At the other end of the range, the high necessary to derive a set of regional 
growth scenario examined in the EMR demand economic activity levels corresponding to 
projections assumed the continuation in the the national totals. In the absence of a 
1980s of the growth rates which prevailed in compatible regional economic model, however, 
the 1960s. Although this outcome is consid- it is necessary to make some fairly arbi- 
ered to be less likely than the slower trary assumptions about regional activity in 
growth assumption discussed above, it was order to generate the energy demand projec- 
included to help establish bounds of what tions. The method chosen for. purposes of 
* Economic Council of Canada Twelfth Annual Council, like those of EMR, attempted to 

Review - Options for Growth, 1975, p.8. incorporate the effects of higher energy 
The projections made by the Economic prices. 
TABLE 27 


COMPARISON OF ECONOMIC PROJECTIONS (EMR vs ECC) 


AVERAGE ANNUAL GROWTH 


RATES (4) 

LO 7 Oe L950 [OSE = a9S5 

DL CCC, I 
Real Gross National Product 5.4 5 =e 4.3 30-4. 
GNE Price Deflator TES 6. 9-12 6.0 Oe a7 a 
Crd 7.4 6.6-6..9 6.0 CF et aoe) 
Labour Force 2.6 PRG od: fe 2.) iom ae 
Unemployment Rate (%) * oe >. O= RO 5.2 3.4-4.6 


Note: The range of growth rates presented for the Economic Council of 
Canada represent the low and high extremes for their four project 
scenarios. 


* Average annual values rather than growth rates. 
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TABLE 28 


ECONOMIC VARIABLES USED IN DEMAND MODEL: 
a 


LEVELS AND GROWTH RATES ASSUMED 


1375 eke Average Annual Growth Rates 
Variable Level* Level 1960-70 1975-80 1980-90 
Real Domestic 

Product (RDP) 71,039 135-510 54 5254 3.80 
Personal Disposable 

Income (YDP) 102,891 428,254 S72 11.89 9.02 
Population (POP) 225110 27;525 1.8 £34 TA 
Households (HOHO) 6,916 9,770 2.9 2.70 245 
Single Dwellings (STS) 4,000 5,300 ing 2280 1.66 
Multiple Dwellings (STM) 2,947 LD. Le 3263 3.02 
Total Equipment (LT) 9,286 T2700 320 2.84 LS 
Commercial Employment (LC) 5,172 8,182 4.0 SES QT J 
Industrial Employment (LI) 2,842 3,184 270 2.05 Oe? 
Capital Stock (K) 64,709 161,242 5.8 62517 6.13 
Consumer Price 

Index (PCPI) 1.84 4.56 229 7.36 6.36 
GDP Price Deflator (PGDP) 1.93 Sep) 23 8.50 3.00 
Retail Trade (RTR) 26,980 36,947 4.9 25.87 jad 
Industrial Output (RDPI) 27,199 52129 5.8 5.86 S73 
Iron and Steel Output 

(RDPIS) 916 1,896 6.2 8.51 a4 
Registered Motor 10,404 18. S25 4.8 4.74 3.68 

Vehicles (RMV) 
Automobiles (CAR) 7,997 (eg) Lens 4.30 3037 


AO 2 ee ee 


* Estimates derived from a CANDIDE projection. 
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the Strategy Report is to make 
of regional shares (which must 
for each economic variable, linked to a 
regional population projection. The 
regional population projection selected for 
this purpose was based on one of the 
scenarios in a recent Statistics Canada 
demographic study*. Given these regional 
population figures, the other economic 
activity variables were then spread across 
regions in such a way that their regional 
per capita levels gradually moved towards a 
national average. The regional shares 
assumed for regional population levels are 
presented in Figure 6 and Table 29, while 
the detailed assumptions for all the other 
variables are listed in the default data of 
Appendix C. 


projections 
sum to. one) 


When combined with the national population 
projections, these regional population 
shares result in net population growth in 
each region in every year of the projection 


period. The rate of growth, however, 
widely among regions as indicated in Table 
30. Given that the inter-regional migration 
assumptions which underlie the Statistics 
Canada regional population projections were 
perhaps made without sufficient recognition 
of the impact of higher energy prices (and 


varies 


revenues ) on inter-regional comparative 
advantage, these regional population growth 
rates might need to be revised -- particu- 


larly in the case of the Prairie region. 
D. DYNAMIC PRICE RESPONSE 


For the most part, the 
equations are 


estimated projection 
static -- without a dynamic 


Statistics Canada, Population Projections 


that, without 
effect of a 

same 
not a 


price response. This means 
further adjustment, the full 
large price increase would occur in the 
year as the price increase. This is 
reasonable assumption given the inherent 
lags built into the behaviour of consumers 
and producers. A homeowner with a _ very 
poorly insulated house, for example, is 
unlikely to rush out and add extra 
insulation as soon] as ehe “hears ) shrsim fuel 
rates will be rising. It takes a while for 
the implications of price change to sink in, 
and for individuals to act accordingly. 


To overcome this problem, a set of judg- 
mental price response coefficients were used 
to slow down the speed of the estimated 
price effect. The time profile of these 
hypothesized price responses for the 
residential, commercial, industrial and road 
transport sectors is illustrated in Figure 
ie The length of the response patterns 
corresponds roughly to apparent differen- 
tials in the economic life-spans associated 
with the capital stocks in each of the 
sectors. The shape of the curves is based 
on a judgment that price responses take a 
while to build up "to ~a maximum; Fand «then 
gradually diffuse through the remaining 
population at a declining rate. 


The effect of assuming different patterns of 
price response is examined in Chapter 8. In 
the absence of better information, this may 


be the best way of assessing alternative 
price response patterns. What is clearly 
needed, however, is an empirical examination 
of actual rates of price response and the 


national population used in the Strategy 
Report projections are identical with 
those of Statistics Canada's Projection B. 


TABLE 29 


ASSUMED REGIONAL POPULATION SHARES 


for Canada and the Provinces, 1972-2001, 
June 1974. The regional shares of 
Atlantic Quebec 
iS 
1970 ODO Zoe 
1980 OF OF 26.24 
1990 6.02 24.54 


Shares do 
Sece Ton Gr 


not exactly add to one for reasons 
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=) Se 


(Ojoher-b apie) Prairies Ban 
35.46 IO. D2 9.99 
Sead LS), OF lal 5 7A 
39.00 14.88 12.96 


described in Annex I, 
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ASSUMED DYNAMIC PRICE RESPONSE PATTERNS 
(ANNUAL PERCENTAGE OF TOTAL RESPONSE) 


Ose 2S Ae Sire Cr Ce Ore eee eet ree eet 


RESIDENTIAL 


COMMERCIAL 
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ad INDUSTRIAL 
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TABLE 30 


ASSUMED REGIONAL POPULATION GROWTH RATES 
——— NN SRE RATE 


Atlantic Quebec 
1976 —- 80 ORS 0.62 
198l — 85 0.80 0.64 
1986 - 90 ORO 0.48 
LS 7o. ="90 0.74 0.58 


application of estimated response coeffi- 
cients to the demand forecast, at least for 
purposes of a best starting point estimate. 


E. FUEL MARKET SHARES 


In order to distribute 
BTU's over the fuels which 
the energy, a great many 
assumptions are required in 
markets (five regions and six of the seven 
major end-use sectors*). Altogether this 
means 360 separate sets of assumptions about 
market shares (one for each of 12 fuels in 
each market), for each year of the projec- 
tion. Many of these, however, will be zero 
throughout the projection period (e.g., coal 
in air transport). 


aggregate output 
actually provide 
market share 
each of 50 


each of 


oH 


Default assumptions specified for 
these series are presented in Tables to 
35 for the years 1971, 1980 and 1990 
(intermediate years are automatically 
interpolated in the model). All market 
shares are expressed in terms of output 
BTU's, and the 1971 values are actual. ie 
should be noted that the oil product market 
shares add up to 100%. In the model, these 
shares are multiplied by the assumed share 
of oil in total energy demand to arrive at 
the actual market share for the individual 
oil products. 


These default market share assumptions were 
developed for the Strategy Report through a 
consensus of the best judgments of commod- 
ity experts within EMR. This concensus 
process is time consuming and does not 
provide the facility to assess quickly the 
implications of changes in the relative 
prices of competing fuels. Work is underway 


default 
the 
On 


* Road transport does not require 
market share assumptions because 
model makes independent projections 


61 


Ontario Prairies By G. 
1h HS 0.78 wha 8} 
ike, 0.82 DTT 
1.60 0.67 DANS 
L273} Onei6 2.49 


to develop a set of market share equations 
which will incorporate relative price 
effects in order to produce a 'standard' set 
of assumptions for projection purposes. 
There is no guarantee that these will 
produce results superior to the best guesses 
of informed experts. They will, however, 
allow the rapid generation of numerical 
estimates that can provide a base for a more 
consistent consensus exercise. 


F. UTILIZATION EFFICIENCIES 


Another set of default 
generate the Strategy Report demand 
projections 91s the, group “of utilization 
efficiencies required to convert output 
BTU's to input BTU's. The factors used for 
this purpose are identical with those 
presented: searlier” ine Chapter 3, of this 
Report (see Table 13). 


assumptions used to 


G. DEMANDS FOR PETROCHEMICAL FEEDSTOCKS 


At the moment, the demand model generates 
demands for oil and gas as_ petrochemical 
feedstocks through explicit assumptions, 
rather than by means of an equation linked 
to economic variables. As indicated in 
Chapter 2, the assumptions used for  petro- 
chemical feedstock demand in preparing the 


Strategy Report were taken directly from the 
recent reports of the National Energy Board 


on oil and gas. These are summarized in 
Tables 6s and 37. 

H. MODAL SHARE OF ELECTRICAL GENERATION 

The percentage of electricity generated from 
different sources by both utilities and 


industry is another set of assumptions which 


diesel fuel oil and motor gasoline demand 


in this sector. 
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TABLE 31 


RESIDENTIAL MARKET SHARE ASSUMPTIONS 


Energy Share 
Oil 
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* Shares are direct secondary energy only. 
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Electricity 


13. 
20. 
30% 


papa 
34. 
47. 
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They do not include the quantities 
needed to generate intermediate fuels such as electricity. 
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40 Slit 
.8 86.1 
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10 9034 
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ATLANTIC 


L971 
1980 
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1971 
1980 
1990 


ONTARIO 
197k 
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LOW!) 
1980 
£990 


* Shares are directed secondary energy only. 
fuels needed to generate intermediate fuels such as electricity. 
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TABLE 32 
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Electricity 
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COMMERCIAL MARKET SHARE ASSUMPTIONS 
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They do not include the quantities of primary 
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* Shares are direct secondary energy only. 
fuels needed to generate intermediate fuels such as electricity. 
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TABLE 33 


INDUSTRIAL MARKET SHARE ASSUMPTIONS 


Energy Share 


Onal Gas 
Oe I a) 
50.9 .0 
48.8 ad) 


36.8 P24 


Bas Nee: 18.7 
240 48.5 
14.7 54.0 
8.0 58.0 
653 veg 
oh 74.0 
35 VEs0 
Fase 282-2 
NY a 30.0 
13:70 33-0 
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September 1975, Appendix E. 


66 
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PROJECTED PETROCHEMICAL USE OF NATURAL GAS 
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YEAR ATLANTIC QUEBEC 
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was held constant across all demand. sce- 
narios in the Strategy Report. Again, in 
the absence of a well-specified electrical 
system expansion model, these assumptions 
were developed within EMR on a judgmental 
basis. Further development in this area is 
needed to facilitate the estimation of modal 
shares under widely different expansion 
paths. For the moment, only four’ source 
"fuels! for electrical generation are 
considered: coal, oil, gas, and a combined 
nuclear and hydro or ‘'primary' category. 
All oil consumption is assumed to be of the 
heavy fuel variety. See Table 38 #£=for 
details of the assumptions made. The modal 
shares of electricity generated from nuclear 


and hydro are not currently disaggregated in 
the EMR framework. This is a direction in 
which it is hoped that the model will evolve 


to facilitate projections of uranium demand. 


Lee CONVERSION EFFICIENCIES 

efficien- 
are 

These 


Assumptions about the conversion 
cies from intermediate to primary fuels 
illustrated in Figure 8 and Table 39. 

assumptions are identical across all regions 
although there is a provision for them to be 
varied by region (by means of User Option 
9). Historical figures have been calculated 
on the basis of Canada averages, while the 
projections are based on judgment linked to 


the kinds of technological efficiencies that 
are currently achievable. 

J. OWN-USE CONSUMPTION RATIOS 

As in the case of conversion efficiencies, 
the ratios used to estimate own-use demand 
by the energy supply industries are equal 
across regions (see Figure 9 and Table 40). 
The proportions used to make these ad- 
justments are partly based on national 


67 


National Energy Board, Canadian Natural Gas Supply and Requirements, 


ee eee 


historical averages of 
dustry demands relative 
demands, and partly based on judgments of 
future changes. The use of these national 
average proportions leads to some misleading 
estimates of own-use demands at the regional 
level (i.e., producing regions tend to be 
underestimated and consuming regions over- 
estimated) but these cancel out in arriving 
at national aggregates. 


energy supply in- 


to other energy 


In the case of oil, an attempt was made to 
take into account the losses involved with 
oil sand processing in addition to the 
‘normal' refinery losses of about 7%. For 
natural gas, own-use proportions were based 
exclusively on pipeline fuel and losses 
(both in Canada and in the U.S.) from the 
processing plant to Canadian consumers. 
Projections for these proportions were taken 
from the 1975 National Energy Board report 
on natural gas*. No attempt has been made 
to estimate the 'shrinkage' of natural gas 


at the 'straddle' processing plants, nor _ to 
focus on field use and _ losses. These are 
all areas for further work. 

K. MODEL ADJUSTMENT 

In addition to the assumptions described 
above, a number of other areas in which 
explicit adjustments were made to the demand 
modelling framework and which affect the EMR 
projections should be mentioned. 

These include: 

- The method by which changes to the 


exogenous economic data in the historical 


nnn EEEEEEEEEEeT 


* NEB, Canadian Natural Gas Supply and 
Requirements, April 1975, P. 21. 


TABLE 38 
DEFAULT ASSUMPTIONS FOR MODAL DISTRIBUTION 


OF ELECTRICITY GENERATION 


Percentage of Electricity Generation From: 


Oil Gas Coal Nuclear and Hydro 
ATLANTIC 
OA 2e2 = 18.4 60.4 
1980 as) * 18.4 1a wae 
1990 Osa, = 18.4 74.9 
QUEBEC 
L974 Leo = = i Roles il 
1980 Dyotl = = 94.9 
1990 2.4 = = 9726 
ONTARLO 
LO 7 = tes 30.8 66:52 
1980 4,1 2.4 24.8 60 +7, 
1990 4.1 Da, DAV ee) Peo. 
PRAIRIES 
LOW = Lou b 308-1 48.8 
1980 = i>. E A739 37.0 
1990 oS 15.0 48.0 370 
B. Gs 
1971 6.551 2.4 = S0R9 
1980 LO..3 2.0 = SL. a 
1990 aes 7, 1.8 ons 13.2 
TABLE 39 
DEFAULT ASSUMPTIONS FOR CONVERSION 
EFFICIENCIES (%) 
Coal to Orla to Gas to Coal to 
Coke Elechricrty. Electricity Electricity 
1970 8730 2 O50 Zora) 3070 
LOT 87.0 28.0 LOS PAY) 30,0 
1980 S730 34.0 300 Saad) 
1990 87.0 36.0 30.0 eC 
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Figure 9 


OWN-USE RATIOS OF ENERGY SUPPLY INDUSTRIES 
PERCENT OF NET USE 
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TABLE 40 
DEFAULT ASSUMPTIONS USED TO GENERATE ENERGY 


SUPPLY INDUSTRIES DEMAND (4) 


Coal Oil Gas Electricity 
1970 al 6.63 Ree di 9.66 
1971 205 Caos 11.00 9.47 
1980 cl HE) 8.00 10.80 9.00 
1990 210 OU Lie 23 8.00 
period, between the time the equations - the transition from historical energy 


were originally estimated and the time 
the projections were made, have been 
accommodated; 


demands to projections; 


- the adjustment to the price elasticity of 


industrial energy demand, and 
the break in consumption data collection 


methodology for the commercial and - the adjustments to the regional intercept 
industrial sectors, over the period 1970 terms in all equations to put them ‘on 
to 1972; track! in 1971. 

the transition from historical to Further details of these adjustments are 
projected values of economic variables; contained in Annex I. 
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Chapter 7 


PROJECTION RESULTS 


This chapter presents the energy demand 
projections to 1990, based on the assump- 
tions of Chapter 6, in more detail than the 


figures contained in the 
in, particular, at provides time 


Strategy Report. 
profiles of 


energy demands, it focuses more explicitly 
on the major end-use sectors, and it gives 
regional details for the high price - low 
growth scenario. 

Four cases are presented, composed of two 
alternative pricing strategies (high and 
low) combined with two alternative economic 
growth scenarios (low and high). The high 
price policy corresponds to a movement to 
international oil prices while the low 


pricing alternative assumes a maintenance of 


end-1975 domestic price levels (with the 
exception of natural gas). The low economic 
growth scenario has been described in 
Chapter 6 and the high growth scenario 
assumes a return, in the 1980's, to the 
experience of the 1960's (high growth and 
relatively low rates of inflation). For 
each pricing policy these economic growth 


scenarios provide a range within which it is 
expected that the pattern of economic activ- 
eae Walilil Eyebellily sells 

These four cases the 
following order: 


are presented in 


1. High price - low growth 
2. High price - high growth 
3. Low price - low growth 

4. Low price - high growth 


Cases 1 and 2 are those associated with high 
energy prices. Their energy demands are 
generally lower than those of cases 3 and 4 
which are based on lower energy prices. 
There are overlaps among the: four cases, 
however, as a result of the wide range of 
economic growth assumptions. In 1990 for 
example, the energy demands associated with 
case 3 (low price - low growth) are general- 
ly lower than those for case 2 (high price - 
high growth). The tables and figures in 
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this chapter provide the actual projection 
results for each of the four cases and may 
appear to be slightly different from the 
average estimates which frequently appear in 
the Strategy Report. This situation arises 
because, in the Strategy Report, many fig- 


ures associated with each pricing policy 
were averages of the high and low economic 
growth cases. THis, -Peport. by contrast, 
presents figures for each case, without 
averaging. 

Details of the time pattern of projected 


energy demands are presented not so much out 
of a belief that actual demands will follow 
the same pattern, but to provide a more 
detailed description of the implications of 
the assumptions about economic growth and 
price response discussed in Chapter 6. They 


are also included to help smooth out some of 


the large kinks which would otherwise have 
occurred in the charts, if figures were 
plotted only at say, 5 or 10 year inter- 


vals. It should be mentioned that, 
possible, the figures are plotted on a 
semi-logarithmic scale in order to _ empha- 
size changes in rates of growth. This type 
of seale results in-a ‘straight line for 
constant growth rate projections, and a 
downward (or upward) bending curve for 
decreasing (or increasing) growth rates. 


wherever 


The main emphasis in this report is on total 
energy rather than its component fuels. 
This is partly a consequence of the way in 
which the EMR energy demand projections are 
made. The main projections are made in 
terms of total energy, with the individual 
fuels broken out on the basis of market 
share assumptions. Further details on the 
fuel components serve to summarize the 
implications of the assumptions made, but in 


general, because market shares are not 
assumed to change among scenarios, the 
variation across cases in the rates (one 
growth of the different fuels is consistent 
with the variations for total energy de- 
mands. For reasons of space, only total 


Canada projections of principal fuel demands 
are provided. 


Similarly although regional projections 
been generated and are discussed in 
chapter, they are intended to be 
tive estimates serving as a 
further consultation on ways in which the 
results can be improved. This reflects a 
greater confidence in the national figures 
than in the regional ones -- with most of 
the problems associated with the regional 
demand projectors outlined in Chapter 4 
tending to be offsetting across Canada. 


have 
this 

illustra- 
basis fOr 


A. TOTAL ENERGY DEMANDS 
Primary Energy 


A summary of the possible future demands, 
based on results from the four scenarios is 
presented in Figure 10 and Table 41. From 
1975 to 1980, the high price case results in 
an average rate of growth in energy demands 
of 4.6% per year, a reduction of about 1% 
per year from the growth rate experienced 


during the sixties, but still above the rate 
of the early seventies which was. heavily 
influenced by the recession of 1974-1975. 


Over the full fifteen year period 
1990, the high price strategy results in 
average annual growth rates in the range of 
3.7 to 4.4%, depending on the attendant rate 
of economic growth. 


ending in 


Examination of the projections under the 
high and low price strategies indicates that 
the effect of moving to higher prices is a 
reduction in the rate of growth of energy 
demands over the next 15 years of about 0.5 
percentage points per year. Waishs would 
result in a level of energy demand in 1990 
that is lower than that shown for the low- 
price scenario by 1 quad* or approximately 
6.5%. This reduction in energy demand in 
the year 1990 would be roughly equal to 13% 
of total energy used in Canada in 1975. 
Over the period 1976-1990, the cumulative 
reduction in estimated energy demands as a 
result of adopting a higher pricing policy 
could be about 8.2 quads. This reduction in 
possible future energy demands over a 
fifteen-year period is the energy equivalent 
of 1.4 billion barrels of oil, an average of 


slightly more than 250,000 barrels per day 
for fifteen years. 

The range of projection results is particu- 
larly “sensitive to) the rate of economic 
growth assumed. Given the kind of growth 
assumed in the low growth case, it should 
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* A quad is equal to 1,000 trillion (i ¥en, 


10'5) Btu's. 


(3 


not be difficult to substantially lower 
rate of growth of total energy demands from 
their historical level. Higher economic 
growth, on the other hand, would make any 
total energy growth rate targets that much 
more difficult, “to, achieve. The relevant 
comparison, however, is one which takes 
account of different levels of population 
and economic activity (e.g., energy per 
capita or energy per unit of output). 


the 


Compared to a national average energy demand 
growth projection of 3.7% to 1990 in the 
high price-low growth scenario, the assump- 
tions made result in regional energy demand 
growth rates for the Atlantic, Quebec and 
Prairie regions which are below average, 
while the Ontario and British Columbia 
markets are projected to grow at above 
average rates (see Figure 11 and Table 42). 
These differential regional growth rates 
underline a slight shift in energy consump- 
tion to Ontario and British Columbia (51% in 
1990)" ave M49%. in 1975). Compared to the 
1970-75 period, the projections for the 
Atlantic and British Columbia regions appear 
to exhibit the greatest decline in energy 
demand growth rates over the 1975-1990 
period. 


Per Capita Demand 


In per capita terms, energy use is projected 
to continue to increase, but at a lower rate 
than it did in the 1960's, when it grew on 
average at about 4% per year. The decline 
in this growth rate can largely be attrib- 
uted to the more efficient use of energy, 
stimulated by higher energy prices than 
those which were experienced in the 1960's. 
Over the 1976-1990 period it is anticipated 
that energy demand per person might increase 
on average by 2.4% to 3.2% per year (see 
Figure 12 and Table 43). The principal 
reason for the difference between the growth 
in energy per capita in the high and low 
economic growth scenarios is the difference 
in the trend to smaller households. Energy 
demands are more accurately related to _ the 
number of households than to population. 
The higher rate of growth of energy/capita 
in the high economic growth scenario re- 
flects the more pronounced trend to _ smaller 
households. In terms of population per 
household, for example, the 1975 level was 
about 3.29, while for 1990 the ratios are 
projected to be 2.77 and 2.82, in the high 
and low economic growth scenarios 
respectively. 


Regionally, Ontario is currently the largest 
energy consumer per capita, at 365 million 
BTU's, or 63 barrels of oil equivalent per 
year, followed closely by British Columbia 
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TABLE 41 


PRIMARY ENERGY DEMANDS 


(BTU's x iar) 


ls) (2) (3) (4) 
High Price Low Price 
Low High Low High 

Growth Growth Growth Growth 
1970 6.33 
1971 6.53 
1972 7.06 
1973 7.48 
1974 re i 
1975 Toe. 
1976 8.18 8.19 
ESTO GE 8.67 in 0 
1978 9.09 9.18 
1979 9.44 9.62 
1980 9.80 ORG 
1981 LOZ03 LOR 13 10.44 10.54 
1982 10332 To750 10.84 Wi be(9) 22 
1983 10.69 10.90 13/0 be Sy 
1984 Pog WAN, SHO ee 9 12.06 
1985 1a ea ties7 VA P4.9: 12.64 
1986 P80 12.40 WA ll eee 
1987 i220 NEES) | LB KOC Tesi teks: 
1988 L209 13257 13550 14°51 
1989 gS ee Op | We 24 Ise95 Sy! 
1990 13247 14.90 14,45 P5393 


Growth Rates (%) 


197 0-75 4.3 4.3 4.3 4.3 
1975-80 4.6 4.6 Bye) Deo 
1950285 3.2 329 379 4.6 
1935-90 335 4.7 3.4 4,7 
1975-85 Sige) 4,3 4.6 4.9 
1975-30) rah 4.4 4,2 4.9 


Notes: Estimates for 1970-74 are taken from the Strategy Report, Annex III, 
Table 2. The 1975 number is a revised estimate of the Strategy Report 
figure (7,867). They are based on EMR estimates of domestic disappear- 
ance of coal, oil and gas, with primary electrical generation included 
at 10,000 BTU/Kwh. The 1980 figures are model projections with the 
years between 1975 and 1980 interpolated by reducing the 1975 percentage 


discrepancy in 5 equal stages. 
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CANADA 


TABLE 42 


PRIMARY ENERGY DEMANDS BY REGION 


a 
HIGH PRICE - LOW GROWTH SCENARIO 
12 


CBE sax Lore) 


British 
Year Atlantic Quebec Ontario Prairies Columbia Canada* 
1970 520 L751 2426 1065 657 6419 
1971 550 1743 2482 1133 729 6638 
1972 608 1915 2688 LAT 788 eG, 
1973 626 2000 2798 P25 833 7510 
1974 647 2077 2920 1286 859 7790 
1975 657 HS 303 1327 898 8040 
1976 678 2232 3176 1386 943 8415 
LOE. 697 2312 3381 1492 986 8867 
1978 The 2379 3029 1556 1022 9194 
1979 25 2443 3668 1601 1056 9492 
1980 Hees 2500 3797 1684 1088 9805 
1981 748 2357 3888 1724 1118 10035 
1982 763 2626 4005 1769 i Foye) 10319 
1983 785 2718 4160 1825 1203 10691 
1984 810 2817 4324 1886 1258 11094 
1985 834 2907 4460 1959 1309 11469 
1986 856 2990 4598 1995 L359 bay 
1987 884 3089 eT 2039 1418 £2202 
1988 911 3185 4940 2082 1476 £2593 
1989 939 3285 5119 2427, 1537 13007 
1990 971 3393 5314 2190 1603 13472 
Growth Rates (%) 
TIOTO=197'5 4.8 4.0 4.6 gy) OD 4.6 
1975-1980 253. Si) 4.6 4.9 bie! 4.0 
1980-1985 Jaa) Sihal Cities Sie! Bue) Bae 
1985-1990 wal Sail 35/0 pape ea SRG 
1975-1990 eG Sines 350 S24 Ce! 365 
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* These Canada total primary energy figures are taken directly from the output 
of the EMR demand model in order to be consistent with the regional estimates 
presented here. It should be noted that, for 1970 to 1979, they are different 
from the figures presented earlier which were actual to 1975 and then smooth- 


ed to a common 1980 projection value. 
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O'S) 
1986 
1957 
1988 
1989 
1990 


Growth Rates 
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PRIMARY ENERGY DEMAND PER CAPITA 


354.4 
370.4 
383.3 
Sees) 
402.8 


(BTU's x 10. 


(2) 


High Price 
Low 


High 


on fwws ofl or ~ 


Growth 


CO me hs 


29 Ie 
5025 
323% 
333% 
345: 
343. 


-F com N C&O 


(3) 


Low 
Growth 


OrFRFWOFRHDODNEH FF 


ND wOo oO 


Low Price 


354.9 
aS) 
387% 1 
400.4 
414.9 


(4 


High 


Growt 


my ofrFonnorFft 


) 


h 


won oO oO 


Ree ee seh nie: Blois eA 2 ee ee 


19 


and the Prairies, with Quebec and the 
Atlantic regions further behind (see Figure 
13). By 1990, however, these rankings are 


substantially revised, with the Prairies as 
the largest per capita energy consumer at 
535 million BTU's and the other’ regions 
following in the order Quebec, Ontario, 
British Columbia and Atlantic. Over the 
period to 1990, the Prairies and Quebec have 
the highest growth rates in per capita 
energy consumption, while British Columbia 
and the Atlantic region have the lowest. 
Energy Productivity 

The ratio of real Gross Domestic Product 
(RDP) to energy can be used as a very rough 
measure of energy productivity (see Figure 
14). It must, however, be interpreted with 
some caution since the structural composi- 
tion of both energy use and the RDP shift 
over time. Based on the stucture of the 
economy as it was in the 1960's, it appears 
(from colum 4 of Table 44) that the 
increases in relative energy prices that 
have already occurred up to the end of 1975 
could result in an average rate of increase 
in the '‘'productivity' of energy of about 
0.6% per year over the 1975-1990 period. 
This means that, on average, the rate of 
growth in RDP would exceed the rate of 
increase in energy consumption by 0.6% per 
year. Further increases in relative energy 
prices, as in the high price-low growth 
scenario (column 1), could lead to a further 


increase in energy 'productivity' of about 
0.4% per year. Projections made using the 
low growth scenario (columns 1 and 3) _ sug- 


gest that energy productivity could grow 
much less rapidly with lower economic growth. 


The regional dimension of output per unit of 
energy input is illustrated in Figure 15. 
Here again Ontario is currently the most 
‘energy-efficient'* at about $10 of RDP per 


million BTU's. The Atlantic region is the 
most energy intensive per unit of output at 
only $7/million BTU's. By 1990; despite Ja 
higher than average rate of growth of energy 
productivity, the Atlantic is still the most 
energy intensive region ($8.15/million 
BTU's). British Columbia is projected to 
increase its productivity most rapidly to 
gain the dead in==real” “output” iperSamit] of 


energy input ($11.70/million BTU's). 


* This term does not imply that other 
regions necessarily use energy more 
wastefully. it is anstead more “of “a 
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B. SECTORAL ENERGY DEMANDS 


Residential 
In the residential sector, growth rates are 
generally low and sensitive to household 


formation and price. Moving from a low to a 
high pricing strategy cuts the growth rate 
almost in half (see Table 45 and Figure 
16). The impact of lower economic growth is 
to cut about 0.5 percentage points off an 
already low rate. 


Regionally (see Figure 17), there is again a 
wide variation in growth rates, with Quebec 
actually experiencing a decline, and British 


Columbia growing at over 2.1%. These varia- 
tions stem mainly from corresponding 
differences in personal incomes, household 
formation and the relative importance of 


single family dwellings. 
Commercial 


In the commercial sector, although the rates 
of growth of energy demand are much higher 
than in the residential sector, they are 
still lower than the rates of growth of 
primary energy demand over all sectors, and 
considerably lower than the rate experienced 
during the sixties. A movement to higher 
prices could reduce average growth rates by 
about 0.4 percentage points (see Figure 18 
and Table 46), whereas the alternative 
economic growth assumptions lead to differ- 
ences of about 1.2 percentage points. This 
sector appears to be more _ sensitive to 
changes in economic growth than to changes 
in, pricing policy. 

The growth rates of the commercial sector 
exhibit wide variation in the regions (see 
Figure 19), with Ontario growing most 
rapidly to 1990 (4.1% in the high price-low 
growth scenario) and the Atlantic region 
growing relatively slowly (0.4%). One of 
the principal reasons for these differences 
is.) the, parallel variation in growth in 
multiple family dwellings, much of whose 
energy consumption tends to be classified in 
the commercial sector. 


Industrial 


In the industrial sector, the rate of growth 
of energy demand seems to be _ particularly 


reflection on the inter-regional differ- 
ences in industrial structure. 
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Figure 16 
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TABLE 45 


RESIDENTIAL ENERGY DEMANDS 


(BTU's x 10 


(iy) (2) (3) (4) 
High Price Low Price 
Low High Low High 
Growth Growth Growth Growth 
1970 1.036 
BOL 1.056 
edo Lb. 132 
1973 i O95 
1974 1.176 
1975 1,247 
£976 PeLTo 13276 
O77 L299 1.300 
1978 1237 12320 
1979 See 1.344 
1980 1.345 1.399 
1981 Hee) Iperf) 305 Po. 
1982 F332 1500 15365 F096 
1983 1334 1307 1382 Ue PES) 
1984 1.340 Tod 1.400 1.436 
L985 1342 1.386 Lat 1.458 
1986 ers oh) 1.899 1.414 1.482 
1937 L337 Lia) 1,425 1.508 
1988 133d 1.433 1.433 [oO 6 
1989 1.343 dey 8b) 1.445 1.566 
1990 143359 1.480 1.463 17598 


Growth Rates (%) 


1970-75 330 330 3.8 o20 
1975-80 ls i2 a7 tow 
1980-85 0.0 0.6 0.8 1.4 
19:35=90 Ou2 Loo 0.7 128 
1975-90 0.6 er Wal HA: 


Notes: Figures for 1970-74 are taken from Detailed Energy Supply and Demand in 
Canada. Estimates for 1975 onwards are from EMR Demand Model. 
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Figure 17 
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Figure 18 
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TABLE 46 


COMMERCIAL ENERGY DEMANDS 


(BTU's x Naa) 


(1) (2) (3) (4) 
High Price Low Price 
Low High Low High 
Growth Growth Growth Growth 
1970 0.701 
ESA 0.735 
ae 0.829 
1978 0.838 
1974 0.880 
SEES) 0.924 
1976 0.960 0.960 
NSS FE 059.98 1.000 
1978 1.030 1.036 
1979 1.061 1.074 
1980 LOST i bE 
1989 Ig WAS) a 3S Ik LBS Ibs 7022 
1982 1.149 a Ke 208 1h ASS) 
1983 pated 6) Le238 1.246 W299 
1984 Pe214 1.292 ZO 1.369 
1985 LADS 1 35e 1359 1.444 
1986 oF, L431 Lea dts eS 
1987 1,343 15509 17438 1505 
1988 13.8:7 1.993 Teaob 1.691 
1981 He AS2 1,631 1, 530 ibe FATS) 
1990 ra L774 ey Le Sval 


Growth Rates (%) 


197 0=75 Sed Del Died, sel 
197 5=50 3.4 3.4 3.5 I20 
1980-85 229 4.5 Sy a, 
1985-90 ey) oe) 353 Soe) 
L197 5=90 Se 4.4 366 4.8 


Neen eee ee eee eee eee ee ee eee nee een nen rr sone eee a 


Notes: Figures for 1970-72 are taken from Detailed Energy Supply and Demand in 
Canada. Because of methodological adjustments to data, from 1973 on- 
wards estimates are taken from calculations of the EMR demand model. 
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Figure 19 


COMMERCIAL ENERGY DEMANDS 
HIGH PRICE - LOW GROWTH SCENARIO 
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sensitive to price increases, perhaps 
because industrial energy prices have 
started from such a relatively low base 
compared to the other’ sectors. The effect 
of adopting a higher energy price DOLEIC yameis 
to reduce the average growth of industrial 
energy demands by about OFS percentage 
points (see Figure 20 and Table 47). The 
differential rate of growth between the low 


and high economic growth scenarios is. only 
about 0.3 percentage points. ie aS) shateerr= 
esting to note that most of the reduction in 
growth rates in response to price increases 
occurs in the 1975-80 period. The indus- 
thial sector’ is-u.projected to. revert to 
earlier patterns of energy growth after 
absorbing the impact of higher prices. This 
suggests the need for a continuing series of 
demand-oriented measures if the rate of 
growth of demand is to _ be permanently 
reduced below historical levels. 

The same kind of increasing 


rate of demand 


growth is projected to occur at the regional 
level (see Figure 21). In the high price - 
low growth scenario over the fifteen year 


period to 1990, British Columbia and Ontario 


are projected to experience average indus- 
trial growth rates well above the national 
average, while Quebec, the Atlantic and 
Prairie regions grow more slowly. 
Transportation 

Less confidence can be placed in the results 


for the transportation sector because of the 
fairly simplistic assumptions that were made 
in deriving energy demands in its rail, air 
and marine components. Because of the 
assumptions adopted, the growth rates of 
total energy demands in the transportation 
sector are closer to the all-sector average 
than those of any of the residential, 
commercial or industrial sectors. Projected 
demands in the transport sector appear to be 
more sensitive to changes in assumptions 
about economic growth than to the assumed 
changes in pricing policy. Movement to 
international prices results in a _ projected 
reduction in the rate of growth of demand of 
only 0.3 percentage points, which is only 
one-third of the 0.9 percentage point range 
between the high and low economic growth 
scenarios (see Figure 22 and Table 48). it 
should be noted that no explicit account has 


Se ee ee ee 


* The principal primary fuels are coal, 
oil, natural gas and electricity, with 
the latter being stated at its fossil 


fuel equivalent (i.e., the amount of fuel 
necessary to generate it) - 10,000 


OF 


been taken in 


these projections of the 
automobile mileage standards announced as 
part of the federal government's energy 


conservation policies. 


Among the regions, British Columbia ais 
Projected to experience the highest rate of 
growth of transport demand in the period to 
1990, while Quebec has the lowest. Ontario 
and Quebec, however, retain their position 
as the largest consumers of energy for 
transportation over this period, in absolute 


terms. See Figure 23 for further details. 


C. PRINCIPAL FUELS 


This section presents the projection results 
on a national basis for oil, natural gas, 
electricity and coal. The projections again 
reflect the results of applying the two 
alternative pricing policies under a= range 
of economic growth scenarios. The results 
are presented in natural units for each fuel. 


Figure 24 compares the growth rates 

different fuels with the growth in 
energy demand under each of the four 
considered. In general, the slowest rates 
of growth are experienced by oil, with coal 
growing most rapidly, ahead of electricity 
and natural gas. These differences, of 
course, are simply the summarized reflection 
of the judgemental market share assumptions 
made about these fuels in all the individual 
end-use markets. Because relative prices 
were not assumed to change between scenarios 
or pricing policies, market shares were 
allowed to remain constant. Fuel growth 
rate differentials are thus roughly compara- 
ble across scenarios. For an indication of 
the projected movements over time in the 
shares of the principal primary fuels* in 
total primary energy in the high price - low 
growth case, see Figure 25. 


for the 
primary 
cases 


Oi 
are presented in 
low-price 
price of 
end-1975 
infla- 
increase 
over the 
prices 
reduce 


Projected demands for oil 
Table 49 and Figure 26. Under a 
policy, which would allow the 

domestic oil to increase above the 
level only enough to keep pace with 
tion, domestic demand for oil could 
by between 2.9% and 3.7% per year 
period 1975-1990. Phasing domestic 
to current international levels could 


a  ———— 


BTU's/kilowatt hour in the case of 
primary electricity, and the actual 
quantity of fossil fuels required for 
electricity generated from coal, oil and 


gas. 
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TABLE 47 


INDUSTRIAL ENERGY DEMANDS 


(BTU's x 10) 


C1) (2) (3) (4) 
High Price Low Price 
Low High Low High 

Growth Growth Growth Growth 
1970 1.220 
LOL e256 
Ee yeep 
NS) 1.387 
1974 I, 3O7 
1975 IL AIL 
1976 1.466 1.469 
1977 eos tl ho DEAS 
1978 IL 5 Sy Sits: thee 7> 
1979 iL. DS G24 
1980 iL SAe 1, O77 
1981 1 60r earOnlh2! IL WSC iby ffi) 
1982 1.645 1.660 Lo Ws 1.816 
1983 LFS hs PLY Log 1.896 
1984 Neg ZAI iL, PSY IL Oks 1.981 
1985 i, 6D) I OS} 2.061 AAO TAL 
1986 Pos 1.946 2eZ9 PL MBYS) 
1987 1.990 ZeOse HES MASS 20S 
1988 2.062 Bas26 Do Qh V5: 2.366 
1989 Dov Dip hb @ Be SHY) DLS 
1990 2 BAY DD, ByihD DEH ZO 


Growth Rates (%) 


L9TO>795 an8 oO 540) 36.0 
1975=S80 Broil 2th 3.4 oe 
1980=65 33 3.4 4.2 4.3 
1985-90 Shr) 4.5 SE, 7 4.5 
1975-90 3.0 303 326 aoa 


we a ES SS SS SS 


Notes: Figures for 1970-72 are taken from Detailed Energy Supply and Demand in 
Canada. Because of methodological adjustments to data, from 1973 on- 
wards estimates are taken from calculations of the EMR demand model. 
Estimates exclude coal used for coke and coke oven gas. 
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Figure 22 


TRANSPORTATION ENERGY DEMANDS 
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TABLE 48 


TRANSPORTATION ENERGY DEMANDS 


i 
CBT Un se 10 ah 


(1) OP), 3) (4) 
High Price Low Price 
Low High Low High 
Growth Growth Growth Growth 
1970 15209 
NSA tb gP Aa al 
1972 17339 
1973 1.461 
1974 Lrg 
1975 18 
1976 1.614 1.614 
Ley 1.3678 1.681 
1978 V7 33 1.744 
1979 1.788 bao he 
1980 1.840 1.886 
1981 uearohe Lao0o Peo 199 7 
1982 13953 Poot 23039 2208 7. 
1983 2.032 2.085 Dee 2.184 
1984 PGA 2.130 2.224 Dip | 
1985 wap io Dares), pan) KB) 2.416 
1986 2.210 2eak7 2 aso9 2.542 
1987 pe 22542 2.476 27695 
1988 2.430 2.674 2 DOr 22619 
1989 2 ae 2.814 2.648 2.903 
1990 2.600 2.902 2.741 DALLS 


Growth Rates (%) 


1970-73 5.0 5.0 5.0 sl) 
1975-60 37.6 336 4.1 4.1 
1980-85 3.10 4.6 4.1 aire: 
1985-90 3.4 Yee Se aide 
IO 20 B50 LISS 39 4.8 


Notes: Figures for 1970-74 are taken from Detailed Energy Supply and Demand 


in Canada. From 1975 onwards, estimates are taken from calculations of 
the EMR demand model. 
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TRANSPORTATION ENERGY DEMAND 
HIGH PRICE - LOW GROWTH SCENARIO 
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AVERAGE ANNUAL ENERGY DEMAND 
GROWTH RATES (1975-1990) 
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Figure 25 


SOURCE DISTRIBUTION OF PRIMARY ENERGY DEMANDS 
HIGH PRICE - LOW GROWTH SCENARIO 
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DEMAND FOR OIL 
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TABLE 49 


DEMAND FOR OIL 
(Thousands of barrels per day, including LPG's) 


Gh) (2) (3) (4) 
High Price Low Price 
Low High Wowie af 5 noies 

Growth Growth Growth Growth 
1970 1466 
L971 1516 
1972 1620 
E973 Le) 
1974 1739 
1975 1766 
1976 1830 1831 
1977 1908 1912 
1978 1964 1978 
1979 2017 2047 
1980 2066 PA ea bs 
1981 2099 PALA 2170 2188 
1982 2141 AE TL I BIDS) 22M 
1983 2197 2246 2300 2350 
1984 2259 DID 2373 2437 
1985 2314 2404 2436 2528 
1986 2363 2492 2491 2624 
1987 2420 2584 ESS 2723 
1988 2474 2681 2610 2826 
1989 2529 2783 2669 2933 
1990 2588 2889 273i 3043 


Growth Rates (4%) 


Lo 70-79 Syees) hes) a0 320 
1975-80 Sie Se Syl Seen 
1980-85 2. Sie 259 3.6 
1935-90 253 Disit Zig, ooo 
1975=90 220 S23. 2 ew | 


a 


Notes: Numbers for 1970-74 are taken from the Strategy Report, Annex III, 
Table 4. The 1975 number is a revised version of the Strategy Report 
estimate (1748). The comparable model projection for 1975 is 1767 
thousands of barrels per day. The numbers after 1975 are all model 


projections. 


Se ee 


LOT 


rates to between 2.6% and 
3.3%, a reduction of about 0.3 percentage 
points. Such a move might reduce the demand 
for oil in 1990 by about 150,000 barrels/day 
and, over the period 1976-1990, the 
cumulative reduction in anticipated demand 
could be on the order of 475 million barrels 
of oil or an average of 85,000 barrels per 
day. 


these growth 


Natural Gas 


for natural 
Figure 27 and Table 

strategies, it has 
of natural gas 
with 

in 
price 
retain 


Projections of future demands 
gas are presented in 
50. Under both pricing 
been assumed that the price 
increases to commodity-equivalent value 
erude oil at the Toronto city-gate 
1978%. Even after this relative 
adjustment, natural gas is assumed to 
a preferred market position in relation to 
oil for residential use because of LCS 
clean-burning qualities. In addition, 
because of the higher cost of transporting 
natural gas, it is assumed to retain some 
price advantage in western Canada. For 
these reasons it is anticipated that the 
demand for natural gas will increase more 
rapidly than the demand for total energy and 
the relative share of natural gas in total 
energy will continue to increase, although 
more slowly than in the 1960's when its 
relative share doubled. 


Higher overall energy prices could result in 
a 7.5% reducton in gas demands in 1990, or 
about 230 billion cubic feet. This would 
represent a cumulative difference in natural 
gas demands of almost 1.8 trillion cubic 
feet over the period from 1976-1990. Under 
a low price policy, natural gas demands are 
projected to increase at an average rate of 
between 4.9 and 5.5% a year to 1990. A 
higher price policy could reduce these 
average growth rates by about 1/2 a_ percent- 
age point to the 4.3 - 5.0% range. 


Electricity 


Projected demands for electrical power are 
shown in Figure 28 and Table 51. Under both 
pricing policies the demand for electricity 
is projected to increase more rapidly than 
the demand for total energy. Over the 
1976-80 period, if energy prices remain at 
their end-1975 level in constant dollars, it 
is anticipated that electricity demands 
could increase by just under 7% per year. 
Moving to the higher price structure for all 


* See the Strategy Report, pp. 48, 49. 


102 


would reduce this expected 
growth rate to about 6% per year. With 
these higher prices, it is estimated that, 
over the fifteen-year period to 1990, 
electricity demands could increase by 4.8% 
to 5.5% per year, depending on the rate of 
economic growth. igre wil the projected 
cases, the share of total energy demanded in 
the form of electrical power increases to 
about 40% by 1990 from about 35% in 1975. 
To the degree that prices for electricity 
ean be constrained from rising as rapidly in 
real~ terms as other energy prices, the 
competitive position of electrical power 
could be enhanced at the expense of and 
natural gas. 


energy forms 


oil 


Coal 


Projections of coal demand under the 

price policy are presented in Figure 29 
Table 52. Under the assumption that 
prices increase along with other energy 
prices, the domestic demand for coal is 
expected to increase from about 28 million 
tons in 1975 to between 59 and 66 million 
tons by 1990, representing annual average 
growth rates of 5.0% and 5.8% respectively. 


high- 
and 
coal 


Under the low-price policy, coal demands are 
anticipated to increase at about 7.5% per 
year to 1980 and between 5.5% and 6.3% 
during the entire fifteen year period, 
depending on the assumptions about economic 
growth. As in the case of electricity, the 
actual demands that materialize will depend 
on the degree to which increases in the 
price of coal can be constrained. They will 
also, of course, depend on the degree to 
which the demand for electric power increas- 
es, Since the bulk of increases in the 
future domestic demand for coal is expected 
to be for electrical power generation. 


D. SUMMARY RESULTS 


the 
cases 
regions 
at the 


The previous’ sections 
projection results over 
examined for total energy, sectors, 
and major fuels. This section looks’ 
projections from another angle -- the prin- 
cipal national results for each case are 
presented on a single table. This, facili- 
tates a better understanding of the 
relationships of projected patterns of 
energy demand growth within each case. For 
example, growth rates in the industrial 
sector can be compared to those in the 
commercial sector, or demands for natural 
gas can be compared to those for electric- 
ity. These summary results are presented in 
Tables 53 through 56. 


have compared 
the four 
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Notes: 


TABLE 50 


DEMAND FOR NATURAL GAS 
(Billions of cubic feet per year) 


CE) (2) (3) (4) 
High Price Low Price 
Low High Low High 

Growth Growth Growth Growth 
1970 1043 
1971 LT 
Lo? 1285 
1973 1368 
1974 1439 
1975 1474 
1976 1564 1566 
1997 1702 1709 
1978 1778 1798 
19/9 1837 1672 
1980 1933 19 97, 
1981 1935 2001 2073 2090 
1982 2046 2079 2159 2492 
1983 Z1A9 2158 2254 2294 
1984 2200 2247 2354 2402 
1985 2292 2363 2463 2535 
1986 2364 2470 2548 2658 
1987 2451 2585 2648 2787 
1988 2536 2709 2744 2924 
1989 2627 2841 2845 3068 
1990 2740 2996 2968 3234 


Growth Rates (%) 


1970-75 6.8 6.8 6.8 6.8 
197 3=80 oe) Deo 6.2 Gs2 
1980-85 Shee) 4.1 4.3 4.9 
1935-90 3.6 4.9 3.8 oO 
1975200 4.2 4.8 4.8 5.4 


Numbers from 1970-74 are taken from the Strategy Report, Annex III, 
Table 5, and exclude pipeline fuel consumed in U.S.A. to move gas to 
central Canada, but include pipeline fuel consumed in Canada to move gas 
for export. The 1975 figure is a revised version of the Strategy Report 
estimate (1450). The comparable model projection for 1975 is 1476 
billion cubic feet. The numbers after 1975 are model projections. 
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TABLE 51 


DEMAND FOR ELECTRICITY 
(Billions of kilowatt hours) 


(1) @) (3) (4) 
High Price Low Price 
Low High Low High 
Growth Growth Growth Growth 

1970 202 
1971 213 
og Za2 
1973 248 
1974 266 
1975 265 
1976 285 285 
19:77 304 305 
AS) As} a2 325 
1979 338 347 
1980 335 369 
193) 367 370 386 389 
1982 381 387 404 411 
1933 398 406 426 434 
1984 417 427 449 459 
1955 435 450 471 486 
1986 453 475 491 514 
1987 473 501 ba) 544 
1988 493 530 Bee By) 
1989 51D 560 561 608 
1990 538 NSP! 586 642 


Growth Rates (4%) 


LT O75 ofl asi). ore) Der 
1975-80 BAe, oo 6.0 6.8 
1980-85 4.1 4.8 Died) Ded 
1985-90 4.3 Be ee Sead) 
£97 5590 4.8 Sis. 5.4 6.0 


Notes: Numbers from i970-74 are taken from the Strategy Report, Annex III, 
Table:6. The 1975 number is a revised version of the Strategy Report 
estimate (266). The comparable model projection for 1975 is 280 billion 
kilowatt hours. The 1980 figures are model projections with the years 
between 1975 and 1980 interpolated by reducing the 1975 percentage 
discrepancy in 5 equal stages. 
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Figure 29 
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TABLE 52 


DEMAND FOR COAL 
(Millions of short tons) 


@L) (2) C3) (4) 
High Price Low Price 
Low High Low High 

Growth Growth Growth Growth 
1970 28.09 
Loy PAL bys 
1972 2627. 
1973 25.00 
1974 Zhao 
1995 2674 
1976 30.8 30:6 
UY Se he”: $333 
1978 ea) 3556 
OT 37a, Bye 
1980 39:58 40.8 
1981 40.8 41.5 42.3 43.0 
1982 42 4 43.4 44.4 GS 6 
1983 44.8 EDS 1S) 47.1 47.9 
1984 Eyal UY | as) 4959 5046 
1985 Ses DORs S18 5a 
1986 A959 53) 0 53.4 565) 
1987 D250 Saye) 5S e7 59ST 
1988 54.1 SOs i 56:00 GSta2 
eke, 50-54 620% 60.6 66.8 
1990 5629 66.0 Go) 4 104 


Growth Rates (%) 


LY 7,075 Ov} Ok OL Ora 
1975-80 Ae) 7.0 ye) ree 
1980-85 4.1 4.8 4.9 De) 
1935790 See! Ss0 4.1 DA, 
1975490 Die O 5.8 oF) One 


Notes: Numbers for 1970 - 74 are taken from the Strategy Report, Annex III, 
Table 7. The I975 number: 1s taj revisedtversion tof thecStrategy Report 
estimate (28.0). The comparable model projection for 1975 is 34.0 
million tons. The 1980 figures are model projections with the years 
between 1975 and 1980 interpolated by reducing the 1975 percentage 
discrepancy in 5 equal stages. 
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Chapter 8 


SENSITIVITY ANALYSIS 


Chapter 7 has already provided the results 
for two major areas of demand sensitivity: 
economic growth and energy prices. These 


two variables were chosen to provide a_ set 
of projections which would illustrate the 
potential impact of a key element of federal 
energy policy (i.e., pricing) under a plau- 
sible range of economic conditions. Other 
assumptions were held unchanged in order to 
keep the comparisons relatively simple and 
to focus on two of the more important agents 
affecting energy demands. 


This chapter broadens the examination of the 


effects on energy demand of a variety of 
other assumptions made in the course of the 
Strategy Report projections. It investi- 
gates the impact of four major assumption 
changes: 

- Revised regional growth patterns; 

- Increased price sensitivity; 

- Faster price responses, and 

- Improved fuel efficiency. 

For each variation of these assumptions, the 


results are compared to the high price-low 
growth projection of the Strategy Report 


(referred to here as the 'base case'). 


A. REVISED REGIONAL GROWTH PATTERNS 


As discussed in Chapter 6, the pattern of 
regional growth assumed for the Strategy 
Report was based on one set of regional 
population projections made by Statistics 
Canada*. The regional shares of a _ separate 
national population forecast in the base 
case were derived from a population projec- 
tion which assumed medium fertility (2.2 


births per woman), net immigration of 60,000 


ae a Se 


* Statistics Canada, Population Projections 
for Canada and the Provinces, 1972 - 
2001, June 1974, Projection B. 


pW 


people per year and a_ gross interprovincial 
migration of 435,000 people per year. This 
435,000 figure is based on the pattern of 
interprovincial migration which was 
experienced during the period 1966-1971 when 
Ontario, Alberta, British Columbia and the 
Territories experienced net population 
inflows from other provinces. 


Among other projections, 
also published one based 
provincial migration patterns which 
reflected consultations with users and 
outside experts (including provincial 
representatives). This projection (referred 
to. as 'G'.in the report) was based on the 
premise that economic opportunities will 
improve in the population '‘losing' prov- 
inees, resulting in either net gains in 
interprovincial migration for those regions 
or a slowing: down in the rate of loss. 
After taking account of immigration, 
Projection. G results in’ ali. iof fhe losing 
provinces having larger populations than 
those estimated under Projection B. The 
revised EMR regional population projections 
retain the same national population fore- 
casts as in the base case but modify the 
regional shares to correspond to those in 
Projection G. Table. 57, presents these 
revised regional spreading ratios, while 
Figure 30 compares the resulting regional 
population in 1990 to those assumed in EMR's 
base case. 


Canada 
inter- 


Statistics 
on revised 


Once these new regional populations were 
assumed, the regional shares for the other 
exogenous economic variables (e.g., personal 
disposable income and households) were 
correspondingly adjusted, by the same method 
as that described in Chapter 6, Section C 
("Regional Shares"). 


The results of moving to these new regional 
growth assumptions are not surprising -- 
there are modifications to regional levels 
of energy demands and rates of growth but 
little change in the total Canada results. 
The projected effect on total Canadian 
primary energy demands is an increase of 


Figure 30 


COMPARISON OF 1990 REGIONAL 
POPULATION PROJECTIONS 


ATLANTIC 
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TABLE 57 


ASSUMED REGIONAL POPULATION 


SHARES - PROJECTION 'c' 
Atlantic Quebec Ontario Byausees Bace 
1970* 9.56 IES EGE 35246 Tomo 9.99 
1980 OF73 26.96 36.86 LAL. eee Ss: 
1990 8.97 26.06 Wis} 15.323 11.80 


* Shares do not exactly add to one for reasons 
described in Annex I, Section C. 


only 0.5% in 1990, with smaller increases in arbitrary doubling of all the price coeffi- 

earlier years. Demand rises relative to the cients used in the Strategy Report (with 

base case in the residential, industrial and appropriate modifications to the intercept 

transportation sectors, but falls slightly terms). 

in the commercial sector. The effect of the 

assumed shift in regional growth also has a As might be expected, the results of this 

minor impact on fuels -- reflecting the experiment are substantial. Notionally, 

differing regional market share patterns. they ean be compared to the effects of 

Oil and electricity demands rise slightly, doubling the rate of energy price in- 

while coal and natural gas demands fall. ereases. Projected primary energy demands 
drop by over 11.5% from the base case in 

Regionally, of course, the results are more 1990, resulting in an average annual growth 

pronounced, although still not large. rate of only 3.0% compared to the 3.7% for 

Compared to the base case (see Figure 31) the base case. Demands for the major fuels 

energy demands grow faster in the Atlantic, also drop considerably as follows: 

Quebec and Prairies regions, and slower in 

Ontario and British Columbia. This relative Oil and LPGts:? =59.04 

pattern of changes corresponds to the basic Coal: =r Oe 

changes in regional population shares and it Natural Gas: -13.0% 

is reflected in the relative growth rates of Electricity: =f 50% 

all the principal end-use sectors as well as 

that of the major fuels. These declines do not reflect any interfuel 
substitution within markets, because the 

B. INCREASED PRICE SENSITIVITY market share assumptions remained unchanged 
in this sensitivity experiment. Instead, 

In the area of price, the Strategy Report they are the direct result of the differen- 

assumed that, with the exception of the tial impacts of higher price elasticities in 

industrial sector, sectors would respond to each end-use sector. 

energy price changes to the same extent as 

that observed over the historical period In the end-use sectors, doubling the energy 

(Gimesnmcthe -1960'S):. This assumption was demand price sensitivity results in a varied 

modified in the industrial sector where, for response (see Figures 32 and 33) that is 

the projection period, historically esti- partly dependent on the original price 

mated price elasticities were cut in half elasticity. Industrial demand is- most 

(see Annex I, Section E). in- “order to affected, with demands in 1990 lowered by 

assess how important these price assumptions over 17% and its average growth rate reduced 

are, this section examines the effects of an to 1.8% from over 3% in the base case. The 


bis 


Figure 3] 
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Figure 32 


COMPARISON OF ENERGY DEMANDS 
HIGH VS BASE CASE PRICE SENSITIVITY 


BY END USE SECTOR 
(AVERAGE ANNUAL GROWTH RATES (%) 1975 — 1990) 
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sectors are 
reductions 


transportation and residential 
least affected with energy demand 
of between 9 and 10% in 1990. 


increased 
Atlantic 
34 
not 
of 
re- 
price 
(see 
slight 


Regionally, the greatest impact of 
price sensitivity occurs in the 
region and British Columbia (see Figures 
and 35). These regional impacts vary 
only, as ia. “result. of =dzitering wmixes 
end-use sectors, but also because of 
gional variations in the original 
elasticities in the commercial sector 
Chapter 4, Section B), as well as 
differences in the regional magnitudes of 
energy price increases, which leads to 
corresponding differences in are elastic- 
ities (see discussion in Chapter 4, Section 
A). 


C. FASTER PRICE RESPONSE 


The base assumptions used in. the Strategy 
Report and in Chapter 7 of this report about 
the speed of response of energy demands to 
price changes were generally made on the 
basis of relatively slow price responses -- 
ones that gradually built up to a peak, then 
levelled off and finally tapered down to 
zero (see Chapter 6, Section D for a more 
complete discussion). To test the sensitiv- 
ity of the projected results to this 
assumption, a new set of dynamic price 
adjustment coefficients was developed. 
These new coefficients not only provide an 
earlier demand response to price changes, 
they also assume a different pattern of 
response. 


Whereas the base price 
could be described as an inverted 
tested variation could be called 
nential decay' type of curve which, after a 
relatively high initial response, gradually 
tapers off over time to zero (see Figure 36). 


response pattern 
iV, the 


an 'expo- 


to the 


equa- 


This variant is closely comparable 
results of a simple lagged adjustment 
tion specification* of the form: 


O(t) = "a= b*P(t)ac*O(t-1)) 


* For this specification, the short run 
price effect is indicated by the coeffi- 
cient on price (- b), while the cumula- 
tive effect of a price change by period 


(t) equals 
- b¥(1-c)/(1-c) 


As t gets very large, of course, this 
expression becomes equivalent to - b/(1-c) 
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Q ="quantity, 

2 =, price 

t,t-1 = time periods 

a,b,c =scoefficients 

and!0. Cb Gs Liat) eee tessa Lhan) 

Inaey <ClaenkexS © V@V irele wae ioe price- 
sensitive sectors is again arbitrary, but in 
terms of speed of adjustment, the road 
transport. sector ts: lowest? (i762, fastest) 


and the residential sector highest (slowest). 


Value of Years to complete 
Sector rot 90% of adjustment** 
Residential 0.8 Ta 
Commercial OTD 8 
Industrial On ef 
Road Transport 0.8 5 


Changing the 
demand price 


speed and shape of the energy 
response primarily affects the 
time pattern of energy demands (see Figure 
37 and Table 58). By 1987, total primary 
energy demands in the faster response case 
catch up to the base case demands, and by 
1990, the faster response demands slightly 
exceed the base demands because of a longer 
‘tail' on their price response patterns. 
The faster response case seems to come 
closer to actual 1975 demands than the base 
case and, over the period ending in 1980 
when all of the large price increases are 
assumed to occur, the growth rate of its 
total energy demands are also lower than in 
the base case. After 1980, however, energy 
demands in the faster response case grow 
more rapidly because more of its price 
response has already been 'digested' 
relative to the base case, which continues 
to experience large lagged price effects 
well into the 1980's. 


For any given period (t), the effect of a 
price change in the initial period (t-1) 
equals 


SS jr) YG (t-1) 


#* Derived from t = Ln (1-.9) 
inal 
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COMPARISON OF PRIMARY ENERGY DEMANDS, 
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Figure 36 


COMPARISON OF ASSUMED DYNAMIC PRICE RESPONSES 
BASE CASE VS FASTER CASE 
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Figure 37 


COMPARISON OF PRIMARY ENERGY DEMANDS 
BASE VS FASTER PRICE RESPONSE 
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TABLE 58 


COMPARISON OF PRIMARY ENERGY DEMANDS 
= BASE vs FASTER PRICE RESPONSE 


Canada - BTU's x 10 


Base Faster 
Price Price Historical 
Case* Response Actual** 
1970 6,42 6.43 On35 
LOL 6.64 6.64 6.53 
1972 ee Pane 7.06 
1973 ieee | 7.44 7.48 
1974 WRG 1} (bdr Te. Ti 
1975 8.04 7.90 1282 
1976 Sel 8.18 
L977 8.87 Seo 
1978 9.19 G02 
1979 9.49 9.10 
1980 eal Saeed 
1881 10;203. Gai 7 
1982 10; 32 10213 
1983 10.69 LO 0 
1984 1 09 ELAod 
1985 Teo ELe42 
1986 11.80 13278 
1987 12220 $220 
1988 12259 1226) 
1989 13.08 102 
1990 Psa 7 13749 
Growth Rates (%) 
1970-1975 4.61 a Sn9 Gt 
1975-1980 a0 3710 
1980-1985 Salo 300 
1985-1990 S527 3556 
1975-1990 3x0 3, 64 


* Corresponds to the high price - low growth Strategy Report 
scenario. 


** Estimates taken from Strategy Report, Annex III, Table 2. 
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of 
in 


The same kind 
course, occurs 

which the faster price response 
applied. Demands in all price 
sectors are lower in 1975 and 1980 for the 
faster price response case. The cross-over 
point to demands higher than the base case, 
however, occurs at different dates in each 
sector: 


response 
the end-use 


pattern, 
sectors to 
has been 
sensitive 


of 


Cross-over year 
Faster price response 
vs base case 


Residential 1989-1990 
Commercial 1985-1986 
Industrial 1982-1983 
Road Transport 1981-1982 


SSeS 


Also the end-use sectors under the faster 
price response case experience relatively 
slower growth rates in the 1975-1980 period 
and faster growth rates in the 1980's. 


The effect of the faster 
assumption on the major fuels is generally 
Similar to its effects on the sectors. and 
total energy. Demands are lower in 1975, 
1980 and 1985 with the cross-over year 
occurring in 1986/87 for coal, natural gas 
andeerectricity. In the case of oil, ~how-— 
ever, the faster price response case results 
in lower projections of demand throughout 
the forecast period. 


price response 


Regional effects of this faster price 
sponse case follow the national pattern. 


ae= 


D. IMPROVED EFFICIENCY 


All of the cases presented in the 
Report assume that the utilization efficien- 
cies of fuels in the end-use sectors will 
remain constant over time at their histor- 
ical levels (see Table 13). Given the level 
of inefficiency in fuel use in some appli- 
cations, and the increasingly strong price 
incentives to eliminate waste, it would 
indeed be surprising not to have improvement 
in levels of fuel efficiency over the next 
15 years. 


Strategy 


impact of 
use, a 


In order to assess the potential 
measures to reduce inefficient fuel 


run of the demand model has been made with 
all fuel inefficiencies reduced by 25% in 
1990. This kind of broad assumption has 
widely different impacts on some fuels and 
sectors than on others, depending on _ the 
initial level of efficiency. Levels of 
efficiency are assumed to increase, for 
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example, from 20 to 
for road transport, 
90.3% in heavy fuel 
sector. In the case 
end-use efficiency is 


OZ 
but 


in motor gasoline 
only from 87 to 
oil in the industrial 
of electricity, where 

assumed to be 100%, 
further improvements are possible Cele. 
heat pumps, solid-state apparatus, micro- 
wave), but they have not been included in 
this exercise. Improvements in electrical 
efficiency are also possible in the gener- 
ation of electricity from primary fuels. 
Table 59 presents the revised utilization 
efficiency factors (with the base assump- 
tions in brackets). 


model 
fuel 
in 


current limitations on 
flexibility, these improvements in 
efficiencies were introduced abruptly 
1990 rather than more smoothly between 1975 
and 1990. It is not, therefore, meaningful 
to compare the time profile of this sensi- 
tivity experiment with the base case. In 
1990, however, the differences are sub- 
stantial, as indicated in Table 60. Total 
primary energy demand is 12.5% lower with 
the revised utilization efficiencies than in 
the base case. If the improvements in 
efficiency were assumed to occur’ smoothly 
over the period, the effect on average 
annual growth rates would be a 0.9 _ per- 
centage point reduction from 3.7% in the 
base case to 2.8% in the higher efficiency 
case. 


Because of 


most 
and 


The impact of improved efficiency is 
noticeable in the transportation sector 
in the demand for oil. Transportation is 
heavily dependent on liquid fuels (i.e., oil 
products) and its level of energy efficiency 
for this motive power use is considerably 
lower than that of sectors which use energy 
primarily for its heat value. An assumption 
of a 25% reduction in inefficiency, there- 
fore, naturally has a larger impact on the 
transportation sector and its principal fuel 
- oil, than on other sectors and fuels. The 
impact on the other sectors is largest for 
residential (7.4%) and smallest for indus- 
trial (4.0%), presumably reflecting the 
relative potential for improving existing 
levels of efficiency in these sectors. The 
only other fuel to be significantly affected 
by these assumptions of improved efficiency 
is natural gas which experiences a 37% drop 


in demand in 1990 compared to the base 
case. Electricity use is unaffected by this 
experiment because no increases in its 
efficiency were assumed. The assumed 
changes in coal end-use efficiency did not 
significantly affect total coal consumption 
because its consumption tends to be 
concentrated more in intermediate elec- 
trical generation than in the end-use 


sectors. No improvements in electrical 
generation conversion efficiency were 
assumed in this sensitivity exercise. 


TABLE 59 


REVISED UTILIZATION EFFICIENCY FACTORS (4%) 
i 


Residen- Commer- Indus- 


tial Cial trial Transportation 
Road Rail Air Marine 
Coal 62.5 OO K0.3 - Sil - Sul 
(50) (65) (87) (8) (8) 
LPG Sil. 3 365 88.8 - - ~ - 
(7) (78) (85) 
Kerosene OO, 3 Son) SO), & - 66 - 66 
65) (82) (82) (55) (55) 
Diesel Oil dD. 8 UID 3} 44.5 42 42 - 36 
(23) (23) (26) (23) C23) (15) 
bient fued “Oil. haanc 86.5 86.5 - 86 - By 
(65) (82) (82) (82) (10) 
Heavy Fuel Oil 85 85 D0 = 85 = 32 
(80) (80) (87) (80) (10) 
Motor Gasoline = - - 40 - - - 
(20) 
Av italtonmGas = - ~ - - 40 - 
(20) 
Aviation = = - = - 48 - 
Turbofuel (30) 
Natural Gas Sil. S Sig D 88.8 - - - - 
C7) (78) (85) 
Electricity 100 100 100 = = = “a 
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REVISED UTILIZATION EFFICIENCIES vs 


TABLE 60 


COMPARISON OF ENERGY DEMANDS 


Revised 
Utilization Base 
Efficiencies Case 
15 

Levels (BTU's x 10 ) 

Total Primary Energy BETS 1S vA 
Residential 126 36 
Commercial 1.41 1.48 
Industrial 2.42 Leow 
Transport 1.34 2.60 

Secondary 6.43 196 

Major Fuels 
Coal es ee he 
Oil & LPGs Shere] ee) 
Natural Gas 2061 Shay 
Electricity 1,84 1.84 

Growth Rates, 1975-1990 (%) 

Total Primary Energy 2.8 Bi, 
Residential Oxl OF6 
Commercial 20 32. 
Industrial Dah 30 
Transport me ee) 3.6 

Secondary iS Des A 

Major Fuels 
Coal Use: 4.0 
Oil & LPGs OS De. 
Natural Gas See) Ae 
Electricity 4.8 4.8 
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BASE CASE - 1990 


Per cent 


Difference 


Heh dd 


Percentage 
Points 


Difference 


ore 
bo 


Chapter 9 


FURTHER DEVELOPMENTS 


Despite the progress which has been made in 
developing a more consistent approach to 
projecting energy demands, a great many 
difficulties remain to be resolved. Many of 


these are merely a matter of further work to 
fill in gaps which have been temporarily 
by-passed, and to refine preliminary esti- 
mates which were exploited in order to put 
together a reasonably satisfactory set of 
projections at an early date. Other 
problems are more intractable. For some 
questions, satisfactory data may never exist 
or, what is almost the same thing, they may 
be prohibitively expensive to obtain. 
Solutions to other questions may be con- 
strained by inadequate analytic tools or 
modelling capabilities. 


This chapter provides a_ guide 
sible avenues for further 
energy demand analysis 
the Department of Energy Mines and 
Resources. Not all of these avenues are 
equally promising, and each must be examined 
in the context of limited research 
resources. Some could be performed exclu- 
sively within the bounds of EMR, others 
would involve extensive co-operation with 
outside organizations. All of them, how- 
ever, have been identified as potential 
bottlenecks standing in the way of a better 
understanding and analysis of the Canadian 
energy system. 


to the pos- 
development of 
which now confront 


of 
five 


Potential areas for 
energy demand analysis 
categories: 


further development 
fall into 


- improved data; 

- improved sectoral energy projectors; 
- extensions to existing model; 

- energy modelling extensions, and 

- co-operative approaches. 


Each of these categories contains a variety 


of problems and potential solutions, and 
these form the basis for the remaining 
discussion in this chapter. A sixth area 
concerns necessary improvements to the 
existing demand model. These relate 
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primarily to programing changes and they 
discussed in more detail in Annex II. 


are 


A. IMPROVED DATA 


Many of the following improvements depend on 
better data. Models generally are insatia- 
ble consumers of data, and energy demand 
models are no exception. Much of the 
additional data in the proposals discussed 
here is already available. The problem is 
io) CXoMeXenr, ehalol “Oieseiauivze) slim aay lS ENSHlalalxopal 
suitable for analysis. Collection {of this 
category of information deserves Pines ev 
priority. Other sets of data are not -so 
readily available and the costs of securing 
them must be weighed against the benefits. 


Regional Economic Data 


A principal constraint to the re-estimation 
of the total energy demand equations is the 
availability of post-1971 regional economic 
data. The primary regional economic data- 
base employed by this study has come from 
material developed for CANDIDE-R by the 
Department of Regional Economic Expansion 
and is available only to 1971. This particu- 
lar set of data, while it contains a level 
of detail not readily available elsewhere, 
has not been up-dated. Consequently, there 
is an urgent need to replace these data with 
other information, perhaps less detailed but 
more up-to-date and public. 


the selection of 
series to ensure 
that they are consistent with whatever 
national totals ~tiormy the basic for the 
national economic projections used in the 
demand modelling framework. They should 


taken in 
regional data 


Care should be 
these new 


also be selected from among data _ series 
which are revised as corrections are made to 
national estimates in light of more recent 
information. 

Possible sources for these alternative sets 
of data are listed in Chapter 3, Section C. 
Eventually, it is hoped that Statistics 


Canada will be able to provide data on a 


provincial or regional basis which up to 
have only been available nationally. 


now 


Energy Price Data 


Accurate energy price data is essential for 
the analysis of the price sensitivity of 
total energy demands in each sector, as well 
as to assess the effect of relative energy 
prices on interfuel substitution. In addi- 
tion to aiding in the historical analysis of 
these. price effects, . this’ information “is 
also required to develop reasonable future 
projections of energy product prices, as 
opposed to working only with the more 
unsatisfactory projections of 'raw' energy 
prices (e.g., prices of crude Onlleenacvuraul 
gas at Toronto city gate, and the average 
cost of generating electricity). 


Given the underlying economic rationale 
the EMR demand model (that demands 
energy are derived from the demand for the 
services which energy provides, which, in 
Lumngearesa response to. Levels’ of economic 
activity and relative costs), energy prices 
are essential to the satisfactory explana- 
tion of past and future energy demands. 


Ole 
for 


Atyethe 
prices 
petroleum gases 
particularly in 


actual 
liquefied 
poor -- 


moment, however, data 

Ofespetroleum ~ products’, 
and coal are 
some sectors. Prices sior 
bhesmajor .ucis sin the residential sector 
are collected in the process of preparing 
the Consumer Price Index. Similar data are 
being developed for the industry selling 
price indexes of the energy supply indus- 
tries. Price indexes, however, are not as 
useful as data on absolute price 
because they cannot be compared across 
regions and because it is difficult to make 
satisfactory projections of product price 
indexes based on projected prices of raw 
products (e.g., motor gasoline from crude 
onl);, Datavon posted! *prices, also, .=are 
less satisfactory than actual price data. 
Although they may move in parallel over 
time, they do not necessarily reflect actual 
levels of user Cost. Naturally, data 
collected for one purpose (e.g., a national 
index) may not be too reliable for another 
(e.g., regional levels). A certain level of 
unreliability however, may be a reasonable 
price to pay for availability of this type 
of data. As more resources become avail- 
able, more emphasis could be placed on 
improving the regional detail of the basic 
data. 


on 


Temperature Data 


from 
the 


conversion 
part 


the 
Celsius 


Recently, with 


Fahrenheit to of 


as 


levels 


r27 


Canadian metrification process, the 
tion of degree days has undergone a 
In order to maintain a consistent 
series of temperature data for purposes 
analyzing energy demands, therefore, it is 
necessary to convert the earlier degree day 
temperature based on a 65 degrees Fahrenheit 
day to an 18 degrees Celsius base. Some of 
these figures* are available from the 
Atmospheric Environment Service of the 
Department of the Environment. 


defini- 
change. 
time 

of 


With the increasing use of air 
equipment in Canada, there 
volume of energy consumption 
cooling requirements. 
importance of this demand 
tion on cooling degree days. ins eat Seen 
area in which the Atmospheric Environment 
service is currently working. Another area 
of weather-related information which could 
be applied to energy demand analysis is 
windchill. At any given exterior tempera- 
ture, buildings lose heat more rapidly on 
windy days than on still ones. 


conditioning 

a growing 
related to 
Analysis of the 
requires informa- 


is 


Energy Consumption Data 

A great deal of progress has been made at 
Statistics Canada on improvements to data 
relating to the consumption of energy (see 
Chapter 3, Section A) and more is underway, 
including greater industrial sector disag- 
gregation, and improved consistency between 
consumption data originating from suppliers 
and consumers of energy. There are, how- 
ever, several areas where further work would 
be warranted. These include: 


- the consumption of all forms of energy by 
the energy supply industries; 

- the consumption of energy resources 
(particularly natural gas) for non-energy 
purposes; 

- the definition and calculation of a 
standardized version of primary energy 
demand, and 

- the collection and publication of energy 
consumption statistics on an end-use 
basis. (e.g., space heat, cooking, motive 
power, etc.). 

All of these areas are important for an 

improved understanding of the factors 

influencing energy demand and the way in 
which government policies could be brought 


to bear on them. 


ee ee ee eee SE SSeS 


# Up to the end to 1972 and from July 1975 
onwards. 


Energy Efficiency Data 


Information on the 


energy is 


efficiency with which 
consumed by various users is 
limited. Yetroithis ,gsr sone. yoferthe most 
important factors affecting the overall 
demand for energy, and it plays a key role 
in the EMR energy demand analysis frame- 
work. Current information is partial and, 
to some extent, unrepresentative of actual 
average operating efficiencies in end-use 
sectors. 


One possibility for obtaining better data on 
actual energy efficiencies would be to 
introduce a combined industry/government 
sample survey of energy consumers. At least 
one oil company for example, has already 
conducted a survey of 100 homes across 
Canada to determine the operating efficiency 
of oi furnaces This kind of4surveys “fons a 
wider and regular basis, perhaps in conjunc- 
tion with regular maintenance service calls, 
could provide a great deal of useful 
information on the movement over time of 
utilization efficiencies by type of fuel, by 
age and size of house and furnace, and by 
region. This information would be useful, 
not only for industry and governments in 
projecting energy demands, but also in 
formulating policies directed reducing 
energy waste. 


at 


Another major aspect of information on 
energy efficiency relates to the generation 
Of mee CERI CAG yr. Although, in general, 
electricity tends to be a highly efficient 
fuel in end-use applications, there are 
typically substantial losses associated with 
its production from thermal sources. Many 
organizations which generate electricity 
have recognized this problem and have 
investigated ways of using this waste heat 
(e.g., industrial process _ heat, district 
heating). It is expected that, over time, 
the amount of energy captured in this way 
will increase, leading to a corresponding 
reduction in demands from other sources. In 
order to be able to assess the magnitude of 
this potential rearrangement of energy 
demands, however, it will be necessary to 


* These combined generation processes for 
heat and electricity may put a con- 
straint on the choice of fuels used. Le 
a district heating plant, for example, “is 
located close to a residential area, 
environmental factors may limit the 
choice,.of fuel, to-gaslor,o1l) rather “than 
Coal ore murandum. Inp@esuchwacases), amche 


relative prices of different fuels may be 
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collect more precise information on how 
electricity is generated and what happens to 
the residual heat created in the course of 


its production*. 


Cost of Energy-Using Equipment 


Another information area which could make a 
major contribution to improved energy demand 


modelling is that of the cost of energy- 
using equipment. Clearly energy prices 
alone are not the sole factor determining 


either the total quantity of energy demanded 


or the choice of energy type. Rational 
decisions about energy consumption can be 
made only if the consumer is aware of all 
costs, both capital and operating, and not 
just the price of fuel. ptavictucsme canada 
publishes some information on the cost of 
heating equipment and appliances**. As 
further information becomes available, 
attempts should be made to incorporate it 


into the demand modelling framework. 

B. IMPROVED SECTORAL ENERGY PROJECTORS 
As discussed in Chapter 4, there is an 
urgent need to fill the gaps in, and correct 
the: | deficiencies “or ,- sthe current set Vor 


equations used to project energy demands. 
In general, for the existing equations, it 


would be desirable to re-estimate them so as 

to include: 

- the most recent energy data (up to 1974), 
incorporating the effects of the break in 


data collection methodology from 1970 to 
1972: 

- a revised set of 
activity estimates; 

- actual energy prices as opposed to 
indexes, and 

- a dynamic price response. 


regional economic 


price 


Emphasis should also be given to the devel- 
opment of satisfactory equations in the 
sectors for which projections are currently 
mades ohne apufairdly arbitrary = "basis maces; 
non-road transportation and perhaps petro- 
chemicals). The remainder of this section 


summarizes the nature Off improvements 


less significant in the choice of 
generation process than if electricity 
and heat were produced separately. 
#*® Statistics Canada, Heating Equipment 
Manufacturers. Cat. 41-225;  Manufac- 
turers of Major Appliances, Cat. 43-204, 
annual. 


required in the projection equations for 
major end-use sectors. 


the 


Residential 


The first priority for this ~-sector 
development of an energy price 

based on actual levels rather’ than 
This would allow inter-regional 
of price effects to be incorporated more 
directly into the price coefficient rather 
than left to the regional intercepts. In 
the case of temperature also (regardless of 
whether it is specified to include windchill 


as Aula 
variable 
indices. 
comparisons 


or cooling requirements) it would seem to be 
preferable to use a_ variable which is 
comparable across regions to minimize the 
need for reliance on regional intercept 
terms to ‘'explain' regional differences in 
energy demands*. 

Another general direction which could be 


pursued is an improved classification of the 
quantity data (e.g., some residential data 
is now classified in the commercial sector 
and some farm demand is included in the 
residential sector). An attempt to create a 
more complete and homogeneous set of histor- 
ical statistics on residential demand might 
allow improved projections to be made of 
potential future demands. hemi eh eal: so 
lead to improved projections for the revised 
commercial sector. All of this would be, of 
course, at the cost of some loss of compara- 
bility of the data with existing published 
sources. 


In the current equation, there appears to be 
a mis-specification with respect to Ontario 
and possibly B.C. that may be related to the 
classification problems discussed above. 
Auto-correllation of the residuals may also 
be a problem in all regions. Further 
attempts need to be made to overcome these 
dririculties with alternative specifica- 
tions, one of which might be to include an 
agricultural output variable (if the demand 
data is not adjusted as discussed in the 
previous paragraph). A dynamic income 
response specification should also be 
investigated. An additional variable which 
might be considered for this section is the 
level of building codes. The .difficulties 
with inclusion of this variable, of course, 
lie in appropriate measurement and _ specifi- 
cation, but more importantly in the over-lap 
with residential energy prices. Higher 
energy prices should stimulate consumers 


Doe ee ee eee 


Ofeechas 
of the 


the 
on 


importance 
the nature 


* In both” cases’, 
problem depends 
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to demand more energy-efficient homes 
governments to make 
building codes. 


and 
them mandatory through 


Commercial 


Energy demands in the commercial 
currently among the least well explained by 
the existing set of projection equations. 
The 1970-1972 break in collection methodol- 
ogy for sectoral fuel consumption has 
Particularly affected the commercial sec- 
tor. The current price variable (based on 
indices rather than levels) needs to be 
replaced with one allowing more inter- 
regional comparisons. 


sector are 


The variables used _ to 
demands in Quebec appear 
and it may be necessary to 
alternative specifications. 
to be desirable to derive a log-linear 
specification for the commercial sector 
consistent with that for the other sectors. 
Because of the substantial element of space 
heating and cooling involved with currently 
defined commercial energy demands, it would 
also seem to be useful to introduce at least 
a heating requirement variable, as well as 
some proxy measure for the quantity of space 
to be air conditioned (i.e., floor space). 


explain commercial 
to be inadequate 
try others with 


It would appear 


Industrial 


More confirmation of the level of 
price elasticity appears to be the 
issue here. Perhaps an alternative 
specification which allowed for much lower 
elasticities in the face of large price 
increases might be appropriate. The inclu- 
sion .2of. 1974. :datal sshould@ helipy “in © -this 
investigation but it will probably be neces- 
sary to wait until a few more years of 
consumption data are available before it 
will be possible to have great confidence in 
the resulting estimates of industrial energy 
price elasticity. Again, the effect of the 
1970-1972 break in data methodology will 
complicate the analysis. 


energy 
eritical 
type of 


for 
energy 
greater 


improved 
price 
sectoral 
facilitate 
industries 
technolo- 


A more promising avenue 
estimates of industrial 
elasticity appears to be 
disaggregation. This would 
inter-regional comparisons of 
with similar types of production 


gies and the impact of differing energy 

prices on them. 

ee es ee ee 
specification of the equation (see 


Chapter 3, Section B). 


Iron and Steel 


demand 
differen- 
This would 


It would be helpful to obtain 
equations for this sector that are 
tiated on a regional basis. 
assist in capturing the effects of regional 
technological differences. In order to 
account for some of the shift away from the 
use of coke in iron and steel production, it 
would be desirable to try to incorporate a 
price term for coking coal relative to the 
prices of other fuels for this industry. 
These price terms might also help to explain 
regional differences. 


Road Transport - Motor Gasoline 


Several federal government departments and 
agencies, including the National Energy 
Board, have devoted considerable resources 
to the development of a ‘'structural' model 
of the demand for motor gasoline. Waals! 
model essentially projects the stock and age 
of passenger automobiles, the average 
efficiency (miles per gallon) of each type, 
and the average miles travelled for each 
type. These estimates are then combined 
into a demand for motor gasoline which can 
explicitly account for the effects of 
government policy instruments such as 
mandatory mileage standards and weight 
taxesrie ln addition to gasoline price 
effects. It is hoped that eventually it 
will be possible to incorporate at least a 
version of this model into the EMR demand 
framework. 


Road Transport - Diesel 


The current EMR projection equation for this 
fuel is weak. Despite extensive efforts to 
establish a historical link between diesel 
prices and demand, this has not yet proved 


successful. Pisikecemema ya, een the future, 
become more important if gasoline taxes 
encourage drivers to shift from gasoline to 
diesel motors. Until future data becomes 
available, however, that effect can only be 
modelled in a hypothetical fashion. 

Alternative shorter-term solutions to _ the 
diesel projection problem might involve the 


inclusion of additional variables, such as: 


- miles of paved road; 

- number of diesel vehicles 
large trucks), and 

- freight rates for road transport. 


(or number of 


* DataMetrics Limited, Supply of and Demand 
for 


Canadian Heavy Crude Oil, 1976-1995, 
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also be 
log-linear 


Alternative specifications should 
pursued to secure, if possible, a 
form with dynamic response. 


Transport - Other 


The National Energy Board has _ had 
success in estimating national equations to 
explain the energy demand in the rail, air 
and marine transportation sectors. Because 
of the inherent mobility of the units of 
consumption, however, it is difficult to 
relate with any great precision the energy 
demands of these sectors to regional 
transport demands’ and regional economic 
activity. Companies may buy fuel in one 
region for use in another. Consequently it 
may «prove. to (be difficult. <.to #follow a 
pooled, cross-sectional time-series approach. 


some 


Not surprisingly, the NEB did not find price 
to.-be‘a statistically. ssignifieant influence 
on national energy demands for these sectors 
over the period ending in 1971. With the 
rapid price increases which have occurred 
since 1973, this absence of noticeable price 
response may be reversed. This absence of 
an explicit energy price effect in the 
projections,|) 0f course,5 is, equivalent. sto 
assuming a zero price elasticity. Waals) ~ aus! 
not a reasonable assumption even in these 
sectors. and it. is, to. be. hoped: sthate. further 
work and more current data will allow these 
methods to be considerably improved. It may 
be necessary to impose arbitrary estimates 
of price elasticities. 


Lubricating Oils and Greases 


The major problem with the current projec- 


tion equations for these products relates to 
the collinearity between the income and 
lagged dependent terms. This. undermines’ the 
confidence one can hold in the estimated 
coefficients and, therefore, the results. 
Alternatives to the lagged dependent vari- 
able specification which might be examined 
include a variety of lagged income or 
activity variables. 

Asphalt 

Some work has been done on this. sector for 
the Independent Petroleum Association of 


Canada by DataMetrics Limited of Calgary*. 
This work involved examining the roofing and 
paving elements of asphalt demand. Roofing 
demands were explained in terms of real 


the 
Ovfs 


September 
Independent 
Canada, 97 p. 


1976; Prepared for 
Petroleum Association 


gross provincial products, a 
stock and a lagged 
Paving demands were explained in terms of 
real gross provincial government expendi- 
tures, lagged total surfaced roads, and a 
lagged dependent variable. Price effects 
were excluded. Similar kinds of projection 
equations could be examined for inclusion in 
the EMR demand model. Instead a total 
regional product, regional construction 
activity might serve as a better determinant 
of asphalt demand. 


lagged housing 
dependent variable. 


C. EXTENSIONS TO EXISTING MODEL 


In addition to some related straightforward 
improvements to the ‘existing model (dis- 
cussed in Annex II), there are a number of 
extensions of more fundamental nature which 
could be made to the EMR demand projection 
methodology. Given the basic econometric 
behavioural approach adopted in the EMR 
model, perhaps one of the most perplexing 
problems is how to integrate conservation 
policies into the results without counting 
any savings more_ than once. Mandatory 
standards on miles per gallon or housing 
insulation, for example, can be legitimately 
applied to a given set of automobile and 
housing stocks to derive a lower level of 
energy consumption (all other things being 
equal) and an estimate of the ‘conservation 
impact'. An alternative policy approach 
would be to use economic incentives (e.g., 
higher energy prices or taxes, insulation 
subsidies or tax relief) to encourage 
individuals and organizations to reduce 
energy consumption in their own best 
interests. The effect of these economic 
incentives could also be described as a 
‘conservation impact'. Where both measures 
are’ combined, of course, they tend to 
reinforce or complement each other. Never- 
theless, it is important to recognize that 
their effects are not additive, and is 
necessary to tread carefully when 
introducing specific non-economic (e.g., 
regulatory), structural conservation 
measures into a behavioural model. 


it 


the model 
integrating 
into the 


in Vallf"or “the - extensions: to 
discussed below, the problem of 
structural conservation policies 
sectoral analyses must be given eareful 
consideration in the course of developing an 
improved projection methodology. The exten- 
sions discussed here are: 


- fuel market share equations 
- fuel price model 

- regional activity model 

- electricity generation model 


LS 


- energy supply industry own-use model 

- disaggregation of the Prairie region 

- disaggregation of the industrial sector 
- additional fuels 

- revised framework 


Some of these extensions would be worthwhile 
regardless of the larger modelling system in 
which the demand model might ultimately be 


embedded. Others could be made redundant by 
a larger modelling activity which automat- 
ically generated Similar results. In 


particular, an effective supply-demand model 
should contain detailed models of the elec- 
trical generation and energy supply sectors. 

Depending on the to 


degree which Canadian 


energy products are assumed to be linked to 
international prices, either through 
international trade in particular energy 
products or substitution between traded and 
non-traded products, this kind of supply- 
demand model could generate equilibrium 
market shares for competing hues: the 
levels of domestic demand and production, 


and perhaps market clearing fuel prices. 
Similarly, the eventual disaggregation of 
national economic models to a regional base 
should largely eliminate the need in the 
energy modelling system for a mechanism to 
distribute national economic activity on a 
regional basis. 


Fuel Market Share Equations 


The current version of the EMR demand model 
distributes sectoral total energy demands 
across fuels by exogenous assumption (see 
Chapter 6, Section E). Changing these 
assumptions in) liehts of) alternative policy 
options, or assumptions relating to relative 
fuel prices, is a substantial task, with no 
assurances of consistency from one projec- 
ita Wwe) Wars . salad, Moreover, this system 
makes it difficult to take adequate account 
of the quantitative impact of relative fuel 
price differentials and of the dynamic 
response of energy consumers to them. 


This problem illustrates the need for a 
market share or interfuel substitution 
model. Such a model would estimate the share 
of a given fuel in a specific sector and 
region in each year. It would allow market 
shares to be responsive to relative fuel 
prices, as well as to other variables which 
were determined to significantly affect 
market shares. Market shares would adjust 
gradually over time response to these 
changing influences and in a manner 
consistent with the best judgment of 
commodity experts. 


in 


Work has been underway for some time at EMR 
to develop such a model based on historical 
behaviour. Preliminary results based on a 
logit functional specification are quite 
encouraging. Pending completion of this 
activity, an interim procedure would be to 
develop a set of hypothetical market’ share 


equations, with arbitrary and easily modifi- 
able coefficients, which were consistent 
with the current set of judgmental assump- 
tions. These hypothetical relationships 
would have the advantage of systematically 
incorporating relative price response in the 
area - of jinterfuelousubstitution <iabutoithey 
would have the serious drawback of being 
inadequately calibrated on the basis of 
historical behaviour. 


Fuel Price Model 


In order to operate any model of fuel market 


shares dependent on fuel prices, of course, 
it is necessary to have detailed price 
forecasts or projections that are specific 


to each sector and region. This can be done 
by means of simple, supply-oriented pricing 
models that start with the price of the raw 
product* (e.g., crude oil, natural gas) at a 


fixed point (e.g., wellhead, F.0O.B. port of 
entry), and then add on transportation cost, 
processing and distribution margins, and 
taxes aS appropriate. These kind of ‘con- 


stant margin' models, which could in fact be 
operated with a variety of assumptions 
relating to the movement of margins over 
time, are not really a satisfactory way of 
estimating future energy prices. They are 
incapable of reacting to changing market 
conditions (e.g., an international glut of 
heavy fuel oil should normally lead to a 
reduction in price and margins), and it is 
dichieeculet a GO ensure consistency across 
joint-product fuels or among sectors (i.e., 
that the sum of the revenue is reasonably in 
line with total costs). 


the 
energy 
may aL 


* Making reasonable 
prices of 


projections about 
internationally traded 
products is a substantial task 
self. .:The major .difficulty,«= of “course, 
lies in assessing the prospects for 
international crude oil prices, particu- 
larly if it is to be assumed that future 
Canadian energy prices will be deter- 
mined largely in the international 
arena. Reasonable assumptions about’ the 
timing, direction and magnitude of 
international oil price movements are 
much more important than the specific 
details of the price index to which that 
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Development of a model of this nature, 
however, is necessary in the absence of a 
more general supply-demand model which takes 
account of international energy product 
prices. IDB} construction requires a 
substantial volume of pricing and cost data 
which is not always available and for which 
estimates must be made. Work on this 
project will get underway at EMR when at 
least an interim market share model has been 
developed. 


Another use for the results of this kind of 
pricing model in conjuction with the market 
share model, is the projection of average 
energy prices for use in estimating total 
energy demands (in lieu of the current price 


indexes). To the extent that market share 
estimates are dependent in turn on the level 
of total energy demands, of course, this set 


of relationships encompassing fuel prices, 
total energy demands and fuel market shares 
would have to be treated as a simultaneous 
system. This would add another element of 
complexity to the modelling process. 


Regional Activity Model 


The EMR model currently derives regional 
shares of national economic activity by 
means of a rough extrapolation of historical 
regional/national relationships of the per 
capita ratios for each economic variable 
considered. These regional/national ratios 
are assumed to gradually converge over time 
towards one Gis ems reduced regional 
disparities). Pending the satisfactory 
development, operation and maintenance of a 
regionalized version of the national 
economic model from which the EMR economic 
projections are derived (currently CANDIDE), 


there are improvements to the present 

regionalization procedure which might be 

attempted. 
price might be related. In the Strategy 
Report, for example, one of the price 
scenarios assumed that international oil 
prices remained constant in real terms 
out to 1990. This constant real price 
assumption implied future movements of 


international oil prices at exactly the 
same rate as the Canadian Consumer Price 
Index. Although this precise correspon- 
dence between OPEC oil prices and 
Canadian consumer prices seems unlikely, 
the general trend of oil prices result- 
ing from this assumption is much more 
credible. 


Given sufficient data, one possible method 
for projecting regional shares would be to 
estimate the historical relationship between 
the regional and national variables using 
time-dependent coefficients. An improved 
procedure would be to estimate the same 
relationship in per capita terms. These 
relationships could then either be 
extrapolated (based on assumed regional 
populations) or the time-dependent coeffi- 
ezents could. be arbitrarily modified to 
reflect prior judgment about the expected 
future patterns of regional differentials. 


A further refinement would be to impose 
sort of region-specific additivity 
ensure that the components of each 
economic activity were reasonably 
with one another. Finally, the 
activity model could be further 
and linked more explicitly to 
counterpart by having energy variables 
(e.g., relative regional prices) explicitly 
affect regional economic growth patterns. 


some 
check to 
region's 
consistent 
regional 
elaborated 
its energy 


Electricity Generation Model 


The current demand model relies on exogenous 
assumptions for the proportion of electric- 
ity in each region generated from different 
squncesmeDy | Utilities, tand industries for 
their own use (see Chapter 6, Section H). 
Given the interdependence between total 
electrical demand and the method by which it 
is generated, this procedure logically 
requires a new set of assumptions for each 
different demand projection. Here again, 
there is a need for a responsive model which 
produces different modal shares under a 
range of electrical demands. 


Such a model should 
generating capacity and the 
new facilities already made 


start with existing 
commitments to 
by provincial 


utilities and industries. From there, one 
alternative would be to incorporate a list 
of projects which could be added as_ required 


Relative costs could be 
taken into account by means of projections 
of future capital cost indexes from the 
national economic model, as well as by means 
of the prices of alternative thermal fuels 
(coal, oil, gas and possibly uranium). 


to satisfy demands. 


which 
projec- 
fuel 
introduction of 
region. ass 
electricity 
several 
inter- 
With the 


A further extension of this analysis, 
would provide a much more realistic 
£ion sof selectrical generation 
source, would involve the 
‘load duration' curves by 
would allow the total demand for 
in a given period to be divided into 
portions, say a base load demand, an 
mediate demand, and a peak demand. 


by 
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generation of electricity from each of these 
segments having different minimum cost 
characteristics with RESPCCE LEO capital, 


fuel and other operating eosts; it. should ..be 
possible to select the best 'mix' of genera- 
tion modes to minimize total generation 
costs. 


This kind of modelling structure would 
an analysis of the impact of changes in 
relative fuel ..costs’ on fuels used to 
generate electricity. It should probably 
include, however, certain constraints 
relating to reserve capacity, system 
reliability, and fuel switching capabil- 
ities. It might also be possible to 
introduce behavioural characteristics and 
policy parameters into the analysis which 
would influence the shape of regional load 
duration curves over time. These would 
include ‘load shedding' pricing arrange- 
ments, which could reduce both peak capacity 
and the need for reserve capacity, and 
further use of inter-regional grids to 
reduce the need for reserve capacity. 


allow 


Two other desirable attributes 
proposed electricity generation model should 
be mentioned. The first is the incorpora- 
tion of conversion efficiency factors tied 
to the type and age of the stock of genera- 
ting equipment. This would allow more 
precise estimates to be made of the gross 
quantity of fossil fuels actually used to 
produce a specified quantity of electric- 
ity Another important + result of such a 
model would be information on generation 
costs which, in turn, could be fed back into 
the energy pricing model. These costs could 
be built up from amortized capital costs, 
fuel costs and other operating costs in much 
the same way that electrical utilities 
currently establish their average revenue 
requirements. ty <COUuld = alsSomspe readily 
adopted to a marginal cost pricing regime 
rather than the current one based on average 
COSIES? 


of the 


This kind of electricity model is very much 
supply oriented, and should be developed by 


those who are most familiar with the supply 
conditions of that sector. By the nature of 
the way decisions on future volumes of 
electricity supplied are linked to projec- 
tions of electricity demand, however, it is 
important that an electricity model of this 
sort also be closely tied to a comprehensive 
demand model. 

Energy Supply Industry Own-Use Model 

Moving still further along the road to a 
comprehensive supply-demand structure, an 


adequate estimate of total energy demands 
needs to consider the demands of the energy 
supply industries for their own products. 
This is handled in the current version of 
the EMR demand model by a set of assumptions 
which vary over time and across fuels, but 
do not vary with respect to regions (see 
Chapter 6, Section J). Many of these 
assumptions are fairly arbitrary, and _ the 
estimates of total energy demands could be 


improved considerably by projecting them 
more accurately. 
In the case of natural gas, for example, the 


NEB has developed a regionalized pipeline 
fuel model related to the quantity of gas 
passing into and through a region to reach 
markets in that region or further along the 
trunk pipeline. Electricity own-use demands 
could be linked to the locations of genera- 
ting stations relative to principal markets, 
along with technological developments. Ohi ab 
use could be related to the product mix 
demanded as well as the sources of supply 
(e.g., oilsands vs conventional). 


In many of these 
course, a2" Lully -statistactory 
own-use demands can only be 
examining the total energy demands 
energy supply industries (which are 
cost sensitive) and the potential substitu- 
tion of one source of energy for another 
(6.227 “oil ‘products —~or electricity for 
gas). This kind of examination can perhaps 
be best accomplished by means of a more 
fully specified energy supply sector. 


supply-oriented areas, of 
estimate of 
achieved by 
of the 


probably 


Regional Disaggregation of Prairie Provinces 


At the moment, the EMR demand model encom- 
passes five regioris, “one of which 4s the 
Prairies. This level of disaggregation 
corresponds to the usual regional grouping 
employed for many statistical purposes in 
Canada. Until 1972, moreover, it was the 
only disaggregation available from the main 
energy source reference used in the EMR 
modelling work - Statistics Canada's 
Detailed Energy Supply and Demand in Canada. 

The grouping of the Prairie ni ehere) 
one region, however, even if 
fied at an earlier date, 
increasingly unsatisfactory - 
in’ the analysis» of 


provinces 
it was justi- 
is becoming 
particularly 
energy matters. The 
Prairie provinces are not homogeneous’ with 
respect to energy, most noticeably on the 
supply side, but also in regard to demands 
as a result of differing relative fuel 
prices and availabilities. With the 
availability of comprehensive data on the 
energy situation in the individual Prairie 
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provinces now available from 1972, together 
with major components over the earlier 
period, it should now be possible to revise 
the model “to’ anclude all ™three Prairie 


provinces separately*®. 


All increases in the level of disaggrega- 
tion, of course, involve a multiplication of 
complexity throughout the model. Not only 
total energy demands, but also market 
shares, prices, petrochemical and non-energy 
demands, electricity generation and own use 
by the energy supply industries have to be 
expanded. Although it may take some time 
before this further regional disaggregation 
is achieved, it important that all 
related work (e.g., market shares, prices, 
economic projections) proceed on an individ- 
Uaie pROVaAnClaleDasds sine ENem ricaetesr 


ali! 


Further Sectoral Disaggregation 


Another dimension in which the model could 
be expanded to achieve greater precision of 
demand analysis is that of end-use sectors. 
These currently encompass residential, 
commercial, industrial, and the four’ modes 
of “transportation, for ~a’ total Ory seven 
sectors. While it would be desirable to 
achieve a breakdown of energy demand on a 
purely end-use basis (e.g., space heating, 
mechanical drive) the prospects for this do 
not appear promising at the moment. 
Improvements might be made in the _ residen- 
tial and commercial sectors, to break out 
agricultural energy demand and group all 
direct consumer demands (excluding automo- 
bile) in one category, but this too will 
probably require more data than is currently 
available. 

The most promising and probably necessary 
avenue for further sectoral disaggregation 
lies” in “the” industrial sector. Energy 
consumption statistics are already collected 
from end users (as opposed to suppliers) 
through the Censuses of Manufacturers, 
Logging, and Mining. These are to be 
strengthened with new energy-related surveys 
which Statistics Canada hopes to introduce 
over” ‘the next year ?-or “so. One of the 
problems with using this data, however, is 
that “it” ds “not “yet “possible to fully 
reconcile it with the results in Detailed 
Energy Supply and Demand in Canada. The 
latter publication tends to have greater 
reliability in the “crassification-of fuels, 


own 
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* The National Energy Board, in its 
demand modelling analysis, treats each 
the three Prairie provinces separately. 


whereas the census’ information 
more reliable on end-use 
total fuels purchased. 


is probably 
classification of 


Development of a more 
disaggregation would, therefore, 
great deal of data reconciliation 
the estimation of total 
market share 
relatively 


detailed industrial 
require a 
DEHOR LO 
energy demands and 
relationships. It should be 
straightforward, however, to 
isolate the major energy consuming indus- 
Lebesesana. Coy eeroup all the remaining 
industrial energy demands (including any 
reconciliation problems) into an "other 
industry' category. 


Additional Fuels 


One of the shortcomings of the current model 
structure is that it contains only minor 


provision for the fuels which will make up 
an increasingly large share of our future 
energy consumption in the longer term. Ihe 


tends to emphasize the fuels which form the 
backbone of our current energy system 
hydroelectricity and conventional fossil 
fuels. 


There are, however, other’ energy 
which may come to play a larger 
satisfying Canadian energy demands, 


sources 
role in 
depend- 


ing on future technological developments on 
the one hand, and the future cost of conven- 
Onc enOS Sie eRucisS = ons athe Wother. These 
potential sources include: 

- solar 

- wind 

- biomass 

- synthetic coal gas 

- geothermal 

- hydrogen 

- nuclear fusion 

Provision could be made for these fuels in 
the demand framework and their rate of 
market penetration could be linked to 
assumptions about relative costs and _ the 
replacement rate for existing energy-using 
equipment. The coefficients on their market 
share equations could be based on historical 


market share behaviour of traditional fuels. 
A Revised Framework 


Figure 38 provides an outline of how many of 
the extensions described above could be 
fitted together in an overall framework. 
The diagram als! necessarily an over- 
simplified representation of the processes 
involved, but it should help to understand 
the more important inter-relationships which 
are, for the most part, similar to those 
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already included in the current EMR demand 


model. 

At the level of final demands for energy 
originating sta) the principal end-use 
sectors, it draws on some of the methodology 
underlying the Canadian Input-Output 
component of the National Accounts System. 


Economic activity leads to final demands 
commodities (including energy 
by the sectors comprising the final demand 
category (personal, government, business 
investment, export, etc.). 


for 
commodities) 


In order to produce these commodities 
meet these final demands, a certain level 
industrial activity als! required 
corresponding inputs of intermediate 
and services and primary factors such as 
labour, capital and energy resources. 
Secondary demands for energy, therefore, can 
be estimated from the combined levels of 
final and intermediate demands for other 
goods and services, which are in turn 
related to the overall state of the 
economy. Prices enter this framework 
implicitly in determining the commodities 
demanded by the final demand sector, in the 
choice of production process in the indus- 
trial sector, and in the selection of energy 
products to satisfy the demand for total 
energy by each energy consuming sector. 


to 
of 
with 
goods 


The rest of the framework is then mainly an 
accounting exercise to convert specific 
secondary energy demands into more aggregate 
measures of total energy demanded in its 
james ieoyautss, al awalalisy  igtejuteluliahiales —jovetokeXe reyes! 
of course, the energy supply industries and 
the method by which primary fuels are 
converted to intermediate fuels, are key 
links. 


D. ENERGY MODELLING EXTENSIONS 


the 
can 
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There are many directions in which 
current state of energy demand modelling 
be extended. Some of these have 
discussed in previous sections. 
section is concerned with the broader 
dimensions of energy analysis problems and 
some of the methods and models which might 
be developed to understand them better. 


Energy models are expensive capital invest- 
ments which should not be built for their 
own sake; rather they should be built as’ the 


best means of satisfying a need. The nature 
of this need affects the type, complexity 
and versatility of the models required. 
Simple single-purpose models can often be 


developed relatively cheaply and quickly to 
provide a rough answer to a_ single problem. 


Figure 38 


AN ENERGY DEMAND FRAMEWORK 
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More detailed and complex models 


are more 
expensive to build, take longer to become 
operational and must be continually 
updated. Once developed, however, they can 


quickly respond to a wide range of problems 
with a reasonable level of detail. 


In model building, there is a continuing set 

of trade-off decisions involving: 

- greater disaggregation and detail by 
commodity, region, sector, and even time 


period (e.g., quarterly vs annual projec- 
tions) 
- data availability 
- reliability or accuracy of results 
- computer capacity 
- versatility 
- development time 
- required maintenance and updating 
All of these trade-offs boil down 
question of Cost: are the 
benefits worth the additional resources 
needed to generate them. In many applica- 
tions, a simple approach may provide as’ good 
an ‘'answer' as a more detailed method. In 
the case of energy, for example, a projec- 
tion of the demands of the total industrial 
sector may turn out to be more accurate’ than 
the sum of separate sub-industrial projec- 
tions because of cumulative errors. 


On ea 
additional 


More disaggregation and more is 
not. ealways) better, unless 
specific purpose (e.g., what is the energy 
conservation potential for agriculture in 
Saskatchewan) that can only be met in this 
fashion and not by a more specific analysis 
directed solely at the immediate problem. 
In general terms, however, it would seem _ to 
be reasonable to argue that disaggregation 
should be pursued to the point at which the 
model's structure and results are readily 
understandable and make intuitive sense*. 


complexity 
there is a 


Bearing in mind these qualifications, there 

remain a number of directions in which 

energy modelling could be extended to 

provide better tools for policy analysis. 

These are: 

- combined supply-demand energy models 

- combined energy-economic models 

- international energy models 

* For a wider discussion of these and other 
matters relating to energy modelling, 
see: J.D. Khazzoom, editor, Proceedings 
of the Workshop on Modeling the 
Interrelationships Between the Energy 


ESF 


Supply-Demand Energy Models 


Combining the existing demand model 
models of the individual energy resource and 
conversion sectors is a logical next step in 
developing better analytic tools to apply to 


with 


the Canadian energy system. The major 
advantage such a development would provide 
over the existing arrangements would be the 
ability to generate faster and more consis- 
tent insights into a greater range of policy 
questions when critical assumptions change. 
Inclusion of a better representation of the 


behaviour of energy suppliers should lead to 


Substantial improvements in the estimates of 
total energy demand because the energy 
Supply sectors are themselves significant 


consumers of energy products. 


Depending on the method by which the 
sectors were included, this step could 
to improved estimates of energy 
prices (moving in response’ to 
supplies or demands), market shares, 
regional flows of energy products, 
investment levels for the primary 
industries. 


Supply 
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There are two basic approaches 
be taken to combining energy 
demand models -- simulation and 
tion. Each approach has its own 
strengths and weaknesses and it 


possible to develop a combination of the two 
to incorporate the best features of both. 
An optimization approach, of which linear 


programming (LP) is perhaps the most widely 


known, but which also includes quadratic and 
other non-linear programming methods, as 
well as network analysis, typically takes 
demands and supplies by region as given and 
attempts to satisfy demands, subject to a 
variety of constraints, in the most effi- 
cient way. (ive. ,@ least Geost). While the 
fixed demands and supplies assumptions can 


be modified to some extent, this can only be 


done in a rather restricted way consistent 
with» the nature. of) the model (linear 
constraints and objectives in LP's, for 
example). 


The optimization approach is probably better 
at finding the least-cost optimum solution 
to complex problems involving multiple 
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Sector and the General Economy, special 
report 45, January 29-30, 1976, prepared 
for the Electric Power Research 
Institute, Polo Alto, California. 


refinery 
and 


production, 
inter-regional 
but RILEY Gus 
the more 
character- 


constraints Ceneos 
electrical generation 
flows) than a simulation model, 
difficult tos use it to) ‘examine 
realistic, non-linear behavioural 
LSUULCS mao either supplies or end-use 
sectors, or to trace reasonable projections 
of supplies and demands over time*. 


A simulation approach would involve an 
extension of the basic methodology already 
used for the EMR demand model (and partially 


developed on the supply side in the 
petroleum sector). It would allow’ the 
incorporation of more complex behavioural 


relationships than an optimization approach, 
and it would be better suited to analyzing 
the dynamic characteristics of the energy 
system over time. Typically, the econo- 
metric equations of a simulation model are 
dynamic, with the solution for one _ period 
depending on results from previous. periods. 
Instead of searching for an optimum solution 
for a specified objective function subject 
to a variety of constraints, a simulation 
model uses a starting guess (often the 
results for the previous period) to 'solve! 
its system of non-linear behavioural equa- 
tions through an iterative convergent 
process. Usually this procedure steps 
forward through time, achieving a _ solution 
in each period which is then used as an 
input to the next period. 


approach 
in the 

regions 
iim ehe 


At the regional level, a simulation 

would tend to be less flexible 

specification of supply and demand 
than would an optimization model. 


* A start has been made recently at EMR to 
develop a linear programming model of the 
Canadian energy system. The Canadian 
Energy Conversion System Model is a 
five-region model which focuses on _ the 
refining and processing sectors in 
minimizing the costs of meeting a given 
set of final energy demands. The Federal 
Energy Administration in the United 
States uses an LP model to integrate its 
highly detailed regional supply and 
demand models, but it does so for only 
one specified year (usually 1985). Full 
integration of the energy system for the 
intervening years using this tool has not 
been attempted by the FEA because it was 
believed to be unreasonably expensive. 
For further details on this model, see: 
WSs Federal Energy Administration, 
National Energy Outlook, 1976, Appendix A. 

¥% simulation 

with 


Mechanically however, the 
method might be easier to implement, 
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also be less satisfactory in dealing with 
multiple constraints, such as those to be 
found in the intermediate conversion sector, 
than an optimization approach**. 


Another approach which should be mentioned 
in this context is input-output or struc- 
tural analysis: Statisti¢es Canadashas*put™-a 
great deal of effort into the development of 
an energy extension to their existing 
national accounts type of input-output 
models. This extension requires an enormous 
quantity of data on energy-using processes 
and this presents one of the major con- 
straints to the level of disaggregation that 
can be achieved. To ~date,— this energy 
input-output model has been primarily used 
to calculate the energy intensity of various 
sets of commodities or different projects***. 


As development of the basic information 
proceeds, this input-output energy tool 
could become increasingly useful in allowing 
a more detailed analysis of both the demand 
and supply aspects of the Canadian energy 
system. Tee ‘migher atso~ “be possible to 
develop the kind of combined input-output 


Simulation model pioneered by Hudson and 


Jorgenson in the United States*#**, 
Energy-Economy Models 


Energy prices are perhaps the most 
cant energy influence on the economy. Other 
important aspects, however, include invest- 
ment, trade, taxes and royalties, and 
subsidies. In the current state of energy 
analysis, there is a substantial effort made 


signifi- 


all sub-models linked together in one 
program, than a combined optimization- 
simulation model which would require 
different types of computer software to 
solve the optimization and the 
simulation portions of the model. 

##* See: Winstanley, G., 
Energy Analysis: 
Implications. A Review and Critique 
of the State-of-the-art, Office of 
Energy Conservation Research Report 
No. 6, Energy, Mines & Resources 
Canada, (1976)— “i2"pp.=& 
bibliography. 

Winstanley, G., 

et. alee Energy Requirements 
Associated with Selected Canadian 
Energy Developments, (1977). 187 pp. 


Methods, Uses, 


HERE "U.S. Energy Policy and Economic 


Growth, 1975=2000", op. ‘cit. 


to capture the effects of different energy 
scenarios on the economic system in addition 
to the perhaps more obvious impact of the 
economy on the energy system. This linkage 
from the energy sector to the economy, 
however, is not yet as fully specified as 
that from the economy to the energy sector. 
Moreover, the feedbacks in both directions 
are roundabout and awkward: the output of 
each model requires extensive manual manipu- 
lation before it can be used as input to 
another. 


Work is underway to develop a more extensive 
energy sector within the existing CANDIDE 
national economic model*®. The successful 
completion of this work will make a_ substan- 
tial improvement to the way in which to 
interaction of the energy system with the 
national economy is modelled. The results 
of using this revised model should be more 
consistent estimates of national economic 
performance, but it is not yet clear whether 
the corresponding energy projections will be 
an improvement over those currently avail- 
able. Given the wide variation across 
regions of energy prices and availability, 
it is probably difficult to develop accurate 
estimates of national energy demands (and 
supplies) without building up from a 
regional base. 


PHemduestion = vtiat this raises “1s whether 
efforts should be devoted to the development 
of a combined energy-economic model combin- 
ing the detail and complexity of the 
existing EMR demand model and CANDIDE. The 
sheer size of such a project poses formid- 
able data, development and computational 
problems which might not now be justified. 
Alternatively, a much less detailed economic 
model might be incorporated into an _ energy 
system model, but this poses the question of 
what is the most appropriate model to use 
or, if it does not exist, who should build 
it? There are obvious advantages in using 
‘off-the-shelf' models maintained by other 
organizations rather than setting up a 
tailor-made model of the economy only for 
use on energy problems. It might. <alvso-~be 
possible to make minor modifications to an 
existing model of the economy which would 
allow it to be part of a larger energy- 
economy model. 


Ee 


* This work is being performed by 
Informetrica Limited, of Ottawa, under a 
multi-client contract with a number of 
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International Energy Models 


Even more ambitious than supply-demand 
energy models, and combined energy-economy 
models, are schemes which try to fit the 
supplies and demands of the most important 
energy consuming and producing countries 
into an overall framework. The rationale 
for this approach would be that some of the 
most significant influences affecting the 
Canadian energy system are determined 
outside of Canada (e.g., the price and 
availability of petroleum supplies, the U.S. 
demand for Canadian energy products). 


It is probably unrealistic, for instance, to 
take the international price of crude oil as 
given and to try to determine the market 
PEUCCS On eeatnGdavadualt petroleum products 
without reference to their international 
market prices. To the extent that Canada is 
becoming progressively more dependent on 
trade in energy products, ate becomes 
increasingly important to take account of 
the interdependencies in the international 
energy system, and of the projected changes 
ay abi  AnaLSY Werjavel ir sinoyeleale igoyblilyel Jakeljey “axe: 
provide a better notion of what interna- 
tional prices and availabilities Canada 
might have to accomodate in the years ahead. 


While any independent modelling effort by 
Canada along these lines is probably beyond 
our current capability, it is interesting 6 
note that tentative steps in this direction 
are being taken by other countries and 
organizations. In the United States, the 
Federal Energy Administration is attempting 
to apply their Project Independence 
Evaluation System to the international 
energy system. Also in the United States, 
the Stanford Research Institute is engaged 
in a multi-client World Energy Modelling 
project (in which EMR is participating) 
which is scheduled to be completed early in 
1978. 


From the perspective of the major industri- 
alized energy consumers, the International 
Energy Agency (IEA) is examining the 
interdependencies between international 
energy consumption and production, although 
with perhaps less emphasis on formal 
models. Finally, the Austrian based 
International Institute for Applied System 
analysis (IIASA) is also examining longer 


CANDIDE users, including EMR and the 
Economic Council of Canada. 


term energy problems of a global nature with 


an emphasis on technology. 
E. CO-OPERATIVE APPROACHES 
developments 


sections would 
bring them to 


All of the extensions and 
discussed in the preceding 

require substantial work to 

fruition. Over the past few years, a great 
deal of effort has been devoted to many of 
these areas by organizations both within and 
outside Canada, including all levels of 
government, industries and universities. 
Given~sthe’ Bcostqigor eAthis -researchyegi trans 
important to make serious efforts to avoid 
duplication and to co-operate in the sharing 
of results, data and methodology. While 
each organization will have its own goals 
and objectives in its energy-oriented 
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research, there should be enough elements of 
common interest to warrant increased 
emphasis on co-ordinated endeavours. 


In the case of the EMR demand model and its 
proposed extensions, for example, there are 
several areas of potential co-operation. 
Because it is a regional model, it might be 
possible to incorporate regional supply- 
demand equations developed by energy 
ministries of the relevant provinces 
(provided the various provincial approaches 
were reasonably compatible). This would be 
of benefit not only in the analysis of the 
national energy system, but it would also 
help individual provinces get a better idea 
of how the supplies and demands of other 
provinces could impinge on their own energy 
systems. A similar co-operative approach 
might be feasible at the international level. 


Chapter 10 


SUMMARY AND CONCLUSIONS 


The approach which has been adopted at the 
Department of Energy, Mines and Resources 
for assessing future energy demands is a 
"top-down' procedure starting from a pro- 


jection of the total energy demands of each 
end-use sector in each region. It is. based 
on the notion that the demand for energy is 
derived from the demand for other goods and 
services on the basis of relative prices, 
economic activity and the state of techno- 
logy. It recognizes that different energy 
sources may be highly substitutable over a 
wide range of uses. All of these  consid- 
erations have been embodied in a _ compre- 


hensive energy demand modelling framework 
which allows great flexibility for the rapid 
analysis of different assumptions. The 
model also provides for a consistent treat- 
ment of different energy forms within a 
total energy context, all subject to a 
uniform set of assumptions. 


Other than the incorporation of 
effects, there has been no explicit 
ment of energy conservation measures in the 
results presented in this report. Thiss 2s 
not to imply that non-price conservation 
measures will have a negligible impact on 
future energy demands. They are, however, 
the subject of a separate EMR report on 
energy conservation. The separate presen- 
tation of both sets of analysis should make 
it possible to compare the influences of 
price and non-price conservation measures. 


price 
treat- 


The projections discussed in this report are 
based on a number of alternative assump- 
tions, but two of the more important ones 
relate to energy prices and levels of 
economic activity. 

Energy Prices 

There are two different price assumptions -- 
high and low. In both cases, the price of 
natural gas was assumed to rise to ‘'commod- 
ity-equivalent' value with crude oil at the 
Toronto city-gate by 1980. The low price 
case assumed that the domestic prices 
prevailing at the end of 1975 for oil, coal 
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and electricity would continue 
real terms over the projection 


in 
The 


unchanged 
period. 


high price case, by contrast, assumed that 
the prices of coal and electricity would 
increase at the same rate as that for oil 
which was assumed to reach international 


parity (at current real levels) by mid-1978. 
Level of Economic Activity 


include 
return, 
economic 
1960's, 


The two. economic scenarios examined 
a high growth case, which assumes a 
in. the 1980's, to the kind of 
performance experienced during the 
and a lower growth case which assumes a 
Slowing down of the economy as a result of 
lower rates of population and productivity 
growth. 


Table 61 outlines the price and 
elasticities which have been used in making 
the energy demand projections to 1990. iGel 
general, they have been derived from eco- 
nometric analyses of historical demands at 
the regional level. In the case of the 
industrial price elasticity, however, the 
value in the table represents only one half 
the econometric estimate, for reasons 
detailed in Annex 1. 


activity 


economic 
the 
in 


low 
assess 
changes 


Variations on the high price - 
growth case are examined to 
sensitivity of the projection to 
other important assumptions. 

The major results of these analyses are 
summarized in Tables 62 and 63. Because of 
the approach taken, and the offsetting 
nature of the errors in the regional pro- 
jection equations, it is probably reasonable 
to have more confidence in the national, 
total energy estimates than in the results 
for specifie fuels or regions (within the 
bounds of the assumptions that have been 
made). Details of all results are presented 
in the report, however, to provide some 
indication of the components of the national 
totals, as well as a basis for discussion 
and the further refinement of assumptions. 


ENERGY 


Sector/Fuel 


Residential 

Commercial 

Industrial 

Iron and Steel/Coke 
Road/Gasoline 

Road/Diesel 

Lubricating Oils and Greases 
Asphalt 


Estimated on the basis of 1971 level 


TABLE 61 


DEMAND ELASTICITIES 


Demand Elasticity 


Figures in brackets are long-run equilibrium elasticities generated 
through the particular lagged dependent variable specification used. 


Depending the assumptions 

projections indicate an average 
growth of Canadian primary 
ranging from 3.7 to 4.9%. It “is “probably 
more meaningful, however, to relate the 
energy projections to the growth rate of the 
population or the economy, things over which 
energy policies can exert relatively little 
influence. For primary energy demands per 
capita, the growth projections range from 
2.3 to 3.1% per year. For primary energy 
per dollar of real domestic product (RDP), 
the projections indicate a range of improved 
efficiency of between 0.2 and 1% per year. 


on made, the 
rate of 


energy demand 


The results also provide of the 
estimated sensitivity of energy demands to 
different assumptions. A 50% increase in 
the wellhead price of crude oil, from $8 to 
$12 “per- “barrel? °Gin’ 41975" $),- with "other 
energy prices moving roughly in parallel, is 
projected to lead to a relatively modest 
6.8% decrease in primary energy consumption 
in 1990. Assuming a doubling of the _ base- 
case sensitivities of energy demands to 
prices in each of the price-sensitive 
end-use sectors results in another 11.5% 
decrease in the 1990 consumption of primary 
energy. 


a measure 


The result of increasing the rate of growth 
of national income (e.g., a 16.5% larger RDP 


in 1990) is an increase in energy consump- 
tion (10.6%), but there appear to be some 
offsetting efficiency improvements. Re- 
vising the assumptions about the regional 
shares of national population and economic 


Activity Price 
ORI 4S EO LO 
0.326 202511 
0.640 =i) 2290 
0.506 = 
0.484 SOLO 
Te G = 
0.454 (0.872) = 
0.448 (0.974) = 
S. 
growth, to put more growth into the 
Prairies, Quebec and Atlantic regions 
relative to the base-case assumptions, makes 
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a major difference to the energy projections 
at the regional level, but does not signifi- 
cantly affect the national totals. 


A final experiment was undertaken with all 
inefficiencies in end-use fuel consumption 
assumed to be reduced 25% by 1990. This 
leads to a projected 12.5% reduction in 
total primary demand, with most of the 
impact occurring in the transportation 
sector and, as a consequence, in the demand 
BOM O71 

CONCLUSIONS 


The total energy framework upon which the 
demand projections in this report are _ based 
is felt to be the most appropriate way of 
dealing with energy demand issues in a 
consistent and rigorous fashion. It ex- 
plicitly recognizes the dependence of energy 
demands on the consumption of other goods 
and services through linkages to economic 
activity and demographic variables. LC 
gives key roles to energy prices and techno- 
logy in influencing energy demands. It also 
helps to focus attention on the critical 
importance of interfuel substitution as a 
determinant of the total demand for each 
type of fuel. In all of [theseo areas, the 
framework is set up in such a way as_ to 
facilitate rapid testing of the implications 
of alternative assumptions through sensi- 
tivity analysis. 


TABLE 62 


SUMMARY OF ALTERNATIVE ENERGY DEMAND PROJECTIONS 
——— EN AN ERUIJECTIONS 


1990 Levels 


High Price Low Price 
3 Low High Low High 


1975 Growth Growth Growth Growth 


15 
SY CBA Un cerae MLR ie 


Primary Demand 7.02 13.47 14.90 14.45 15493 
6 
Per Capita (BTU x 10 ) 346 489 512 525 547 
Per $RDP (BTU x 103) 110 100 95 107 101 
sectors 
Residential 25 1236 1.48 1.46 1560 
Commercial 0.92 1.48 Decoy 7, led, 187 
Industrial 162 Za 20g Lh sp 2 
Transportation 1.54 2.60 25.90 2.74 Sik 2 
Secondary Demand D3 7396 8.88 8.54 Syaee! 
Non-Energy Use 53 1.05 109 E05 L309 
End-Use Demand 5.66 Oe On: 997 9259 10.61 
Energy Supply Use 9 0.46 0.94 1.04 01 ia a! 
Electrical Conversion PON = Po | 3.09 3,89 4,22 
Fuels 
Coal .63 1.14 1328 15.22 1,36 
OTIS <LPG Seles Spas D296 5.64 6.28 
Gas NE | ie 3.00 2 5 9il, 2 aes 
Primary Electricity 2.10 4,24 4.66 4.62 2. OD 
Total klectricity at 3412 BIU/kwh 0.91 1, 384 2702 2.00 2 #h9 
Regional Primary Shares 
AGiantic 8.2 Tien Tec 7.4 Se) 
Quebec 26.4 Dy 2: 24.9 IS 24.9 
Ontario Sted 39.4 3926 3941 39.2 
Prairies L675 16.3 16.2 1622 Lore! 
British Columbia ul leer, ike Paes yer hoes 


ee a SS SS ES ee 


Notes: 
1. Includes the coal equivalent of demands for coke and coke oven gas. 
2. This adjustment converts electricity consumption into its fossil fuel 


equivalent, with primary electricity converted, by convention, at 
10,000 BTU per kwh. 


3. Numbers for fuel and primary demand are actuals, while sectoral and 
regional demands are estimates from the demand model. 
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TABLE 63 
SUMMARY OF ALTERNATIVE ENERGY DEMAND PROJECTIONS 


PERCENTAGE GROWTH RATES (1975 - 1990) 


High Price Low Price 
Low High Low High 
Growth Growth Growth Growth 
Primary Demand Seal. 4.4 Cee 4. 
Per Capita ES) Lath Oa) 33 
Per S$RDP =) 46 -1.0 -0.2 -0. 
Sectors 
Residential 0.6 lB 19 1 
Commercial Bie 4.5 Bs. 0 4, 
Industrial 3.0 3.4 36 4, 
Transportation 40 4.5 B09 4, 
Secondary Demand 2 si, 39 Sie 2 38 
Non-Energy Use 8.0 SPO 8.0 8. 
End-Use Demand 531 3G8 REO 4, 
Energy Supply Use 9 4.9 5t6 D4 6% 
Electrical Conversion be 4.9 4.8 Ds 
Fuels 
Coal 4.0 4.8 4.5 a3 
Oil & LPG Peat 3.4 3.0 328 
Gas 4,2 4.9 4.8 5.4 
Primary Electricity 4.8 5a5 5.4 6.0 
Total Electricity at 3412 BTU/kwh 4.8 Sie) 5.4 520 
Regional Primary Shares 
Atlantic 220 3.4 eee) 4.1 
Quebec yea: 326 326 Aol 
Ontario a48 4.5 4.2 4.9 
Prairies 3.4 Gal 339 {85 
British Columbia oye) 4.7 4.6 a3 


Notes: 
1. Includes the coal equivalent of demands for coke and coke oven gas. 
2. This adjustment converts electricity consumption into its fossil fuel 


equivalent, with primary electricity converted, by convention, at 
10,000 BTU per kwh. 
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Although it is felt that the 
itself is conceptually sound, it would be 
presumptuous to claim that, in its current 
state of development, it is fully  satisfac- 
tory or that the precise numerical results 
can be accepted with complete certainty. 
While it is possible to have reasonable 
confidence in the general shape of the total 
energy projection profiles presented in this 
report, there is a greater level of uncer- 
tainty attached to the specific numerical 
estimates, particularly at the level of 
individual fuels in individual regions. 
Largely because of the approach taken, the 
aggregate estimates can probably be regarded 
with greater confidence than the more 
detailed components. 


framework 


A great deal of further development 
required to modify and extend the current 
demand projection model. The direction and 
extent of these further developments will, 
of course, be dependent on the purposes. to 
which the model is to be put, and the 
resources available to pursue them. 


is 


The report outlines the further 
which might be considered in 

energy analysis capabilities. Many of these 
developments relate to the supply side of 
Canada's energy system, which is itself a 
major consumer of energy. Because the best 
way of projecting the energy demands of the 
supply industries is dependent on the way in 
which a more integrated supply/demand 
modelling structure eS eventually con- 
structed, the greatest immediate priority 
for improving the existing EMR demand model 
has been given to the final demand portions 


developments 
improving our 


of the model. In that area, the most 

pressing needs are: 

- econometric estimation of fuel market 
share equations in the residential, 
commercial and industrial sectors; 

- development of an energy price model, 
disaggregated by fuel, region and market, 
and 

- improved estimates of the 'total energy' 
equations, incorporating more recent 
information, and better specification of 
prices. 

Underlying all improvements in the ability 

to accurately project energy demands, of 

course, is the need to upgrade the quality 
and quantity of data relating to the energy 


system. 
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By making the underlying 


assumptions more 
explicit, by assessing which of the assump- 
tions are most critical in influencing the 


results, and by providing a framework to 


help focus a range of energy-related re- 
search and analysis, the current energy 
demand model is a useful tool for en- 
couraging systematic thinking about the 
evolution of energy demands. In attempting 
to assess the implications of alternative 
future events, perhaps this is all that one 
can or should expect from any model. 

It is hoped that, with the publication of 


this report and the subsequent discussion it 
generates, the prospects for greater co- 
operation in the further refinement and 
extension of energy analysis tools will be 
improved. While the task ahead remains 
large, there is no doubt about the capacity 
of the combined resources of provincial and 
federal government, universities, con- 
sultants and the energy industries to 
develop the necessary tools for an adequate 
analysis of energy problems. A great deal 
of work is underway in all of these orga- 
nizations and, as the volume grows, there 
appears to be an increasing risk un= 
necessary duplication of effort. The 
challenge is to develop ways of avoiding 
this duplication, and to focus resources 
into the most productive areas where each 
type of organization has a comparative 
advantage. 


of 


There may be potential benefits from a 
of "clearing-house' operation, perhaps 
similar in nature to the recent survey 
sponsored jointly by the Science Council and 
the National Committee of Deans of 
Engineering*. Work on energy policy models 
might be the most appropriate basis for a 
more co-ordinated approach to the analysis 
of energy issues, among at least some groups 
of organizations. In setting out a method- 
ological framework (which is freely avail- 
able to all interested users) anda list of 
explicit assumptions, this report might 
serve to set the co-ordination process in 
motion. Further action, however, will 
depend on the nature and degree of the 
responses to the issues raised this 
report. 


type 


in 


better 
tasks to 


tools are 
important 


modelling 
of the 


Once these 
developed, one 


ee ed ee ees 


# , Planning and Design Models 
for Energy Systems, Ottawa, January 30, 


1976. 


apply them to is the assessment of alter- savings in the context of a 


native energy policies. Because of the analytic framework would allow a more 
demand orientation of the current model, one realistic evaluation than is now possible of 
of the first candidates for such assessment what can be expected under a variety of 
will be conservation programs. Examining 
the potential fOre energy conservation 


comprehensive 


economic circumstances. 


146 


ANNEX I 


PRACTICAL DIFFICULTIES 


In any modelling or projecting exercise, a 
variety of awkward problems inevitably arise 
between the simple application of assump- 
tions and a reasonable final result. These 
problems, or practical difficulties, and the 


methods used to deal with them in the pre- 
paration of the Strategy Report, are the 


subjects of this annex. 
There are six areas which will be discussed: 


=) revisions to historical data; 


- revisions to consumption data collection 
methodology; 

- transition from historical to projected 
levels of economic assumptions; 

- transition from historical to projected 
results; 

- industrial price response, and 

- intercept adjustments. 

A. REVISIONS TO HISTORICAL DATA 

The sectoral total energy demand equations 

were estimated on the basis of regional 

economic data ending art VOW These 

regional economic values were originally 

derived from national series which, in some 

eases, have since been revised for the years 

prvor vo 197 1; These revisions, in turn, 

have been built into the CANDIDE database 

used to make the national economic projec- 


tions which form the basis of the EMR demand 
projections. 


In order to achieve full consistency between 
the projecting equations and the exogenous 
assumptions, the correct procedure would be 
te#adjust, sala) of the historical. regional 
data to sum to the revised national totals 
(perhaps by a simple pro-rata scaling), and 
re-estimate the equations using the revised 
data. Because of time constraints, a less 
satisfactory alternative was adopted for the 
Strategy Report. Unrevised historical 
values of the exogenous variables were 
retained for 1970 and 1971, but the differ- 
ences between these and the appropriately 
adjusted levels were gradually eliminated 
over the period ending in 1980. This was 
accomplished by using a set of regional 
spreading ratios for the exogenous variables 
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in 1970 and 1971 which generated the orig- 
inal data from the revised national totals. 


The unrevised national totals differed from 
the revised levels to the extent that the 
sum of those ratios differed from one. 
These ratios were then forced to sum to one 
in 1980. This consistency in 1980, when 
combined with the linear interpolation pro- 
cess used in the computer program, achieves 
a gradual elimination of regional/national 
discrepancies over the 1972-1980 period. 


B. REVISIONS TO CONSUMPTION DATA COLLECTION 
METHODOLOGY Rey aoa 


As discussed in Chapter 3, there was a break 
in the method of collecting energy consump- 
tion data between 1970 and 1972. This 
caused some significant discontinuities in 
the levels and components of energy demands 
between 1972 and 1973. These changes have 
been most significant in heavy fuel oil 
where they have affected not only the total 
reported consumption in the commercial and 
industrial sectors, but also the market 
shares attributable to all fuels in each of 
those sector markets. 


Because all of the sector total energy 
demand equations were estimated over the 
period ending in 1971, this abrupt change in 
1973 means that the projected demands past 
1972 using those equations may not be 
strictly comparable to published data for 
the published data for the commercial and 
industrial sectors. Moreover, market share 
results for those sectors will also not be 
comparable to published data, since all of 
the fuel market share assumptions were made 
on the basis of the pre-1973 trends. 

In the Strategy Report, this problem of non- 
comparability of sectors and markets has 
been treated by maintaining in the pro- 
jection period the method of allocating 
fuels to sectors which prevailed in 1971 and 
earlier years. Thus is a source of 
potential difficulty, however, only in 
making sectoral comparisons with published 
data. In comparing total energy demand 
across all sectors, or in examining the 


total demands for electricity or heavy fuel 
oil, these methodological differences should 
cancel out. Consequently there should be no 
bias in the more aggregate demand pro- 
jections as a result of these particular 
revisions to consumption data. 


It might be possible to re-estimate fuel and 
sector consumption data for 1970-1972 on the 
basis of 1969 and 1973 data and develop a 
more consistent set of total energy equa- 
tions and market share projections. Again, 
this will require re-estimation all 
equations. 


of 


C. TRANSITION FROM HISTORICAL TO PROJECTED 
ASSUMPTIONS 


The exogenous national economic assumptions 
used to derive projections of energy demand 
in the EMR model are taken from a_ projection 
of the CANDIDE model. At the time these 
assumptions were derived, the CANDIDE model 
Simulations of projected values began in 
1971. This means that the values of the 
economic assumptions from 1972 to the end of 
the projection period were based in most 
cases on simulated rather than actual values 
-- even where actual values were available 
(i.e., 1972-1974). 


To some extent an effort has been made _ to 
'fine-tune' the CANDIDE results for 1972- 
1974 to correspond more closely with actual 
events. This was done to improve the accu- 
Racye Of etururee projections, which are 
dependent on these 1972-1974 values because 
of the time-lag specification built into 
CANDIDE. Despite this fine-tuning, however, 
many differences remain between simulated 
and actual values of many variables, in- 
cluding some used in the EMR model. The 
problems which arise are what to do about 
these differences and what is the best 
way to link actual with projected levels of 
economic activity. 


to 
energy 


Perhaps the’ most satisfactory solution 
these problems isto adjust: all: the 
demand model variables in the CANDIDE 
solution to their actual 1972-1975 values, 
and then pick up a consistently linked set 
of historical and projected values for use 
in projecting energy demands. An alter- 
native would be to use the annual rates of 
change derived from the unadjusted CANDIDE 


* Many of the estimated values, however, 
are over-written with actual historical 
values to the extent they are available. 
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solution and apply them to the latest actual 


historical values. 


A more expedient alternative was adopted for 


the Strategy Report. At the time of pre- 
paring the analyses for that report, 
historical information on the state of the 
economy was available only for up to 1974 
and for part of 1975. Actual values were, 


therefore, used wherever possible up to and 


including 1974. CANDIDE projected values 
were used, in most instances, at their 
estimated values for 1975 and subsequent 


years. In several cases, however, where’ the 
transition from the actual 1974 to the 
projected 1975 levels was thought to be 
unrealistically abrupt, a smoother tran- 
sition to the 1976 projected level was 
arbitrarily assumed. 

As more recent data on the exogenous 
variables become available, they will be 
incorporated into the projections. A more 


satisfactory linkage mechanism from actual 
to projected values for the exogenous 
variables will also be developed. 


D. TRANSITION FROM HISTORICAL TO PROJECTED 
RESULTS 


In the same fashion as CANDIDE, the EMR 
demand model projections actually begin in 
1970*. The equations discussed in Chapter 4 
have been adjusted to produce projections 
identical with 'measured' output BTU's in 
1971. From 1972 on, however, the projec- 
Cronse di trer from actuals because of 
variations in demand not captured by the 
estimated equation (statistical "noise'), 
possible bias in the specification of the 
equations, and of course the data revisions 
discussed in Part B above. 


At the moment, there is not a '‘'fine-tuning' 
mechanism which would allow an automatic 
degree of flexibility adjusting histor- 
ical) results, sbuilt into sthem. Eek demand 
model. While for some of the projected 
results historical information is available 
with only @a/'six=month Marge (eles, total 
consumption of specific fuels), for many 
other values, particularly on an end-use 
sector basis, statistics on actual demands 
are more than two years old before they are 
available. 


in 


The base levels for calculating the growth 
rates of projected demands to 1990 which 
appear in the Strategy Report are a set of 
estimated actual values for 1975. These 
differed from the model projections by 


varying degrees (see Table 64). In 
case the projected demands were higher than 
the estimated actual, ranging from a low of 
0.2% for natural gas to a high of 17.7% for 
coal*, In total, the model appears to have 
over-estimated actual primary energy demands 
in 1975 by just under 3%. 


every 


This difference between projected and esti- 
mated actual demands in 1975 is probably the 
result of a mixture of several factors: 
inaccurate assumptions about the level of 
1975 exogenous variables (including weath- 
er); random noise, and possibly a more 
fundamental bias in the model structure. 
For purposes of the Strategy Report, how- 
ever, this difference was treated as a 
random, unexplained fluctuation. For 1980 
and subsequent periods, the values 
projected by the model were used without 
adjustment for the 1975 forecast 
difference. Thisaeresults® in isa slightly 
faster rate of growth over the 1975-1980 
period than that which is projected by the 
model starting from the higher 1975 base 
(see Table 65). Over a longer projection 
period, of course, this difference in growth 
rates would tend to become less 
Significant. Because of this procedure, 
however, the slowdown in growth rates after 
1980 which was reported in the Strategy 
Report may appear to be more substantial 
than that which has been projected by the 
model. 


To the 
recent 
there 
model, 


extent that future analysis of more 
data leads to the conclusion that 
is some inherent upward bias in the 


it will be necessary to re-specify 


* One of the reasons for the particularly 
large over-estimate in the demand for 
electricity is the major strike in the 


pulp and paper industry which occurred in 
1975, reducing industry output by more 
than one-half. This) industry. 1s. elec= 
tricity intensive compared to the sector 
average, and this would have led to an 
over-estimate of electrical demand even 
if the assumed level of total industrial 
output had been correct. 


over- 
smaller 
for 


In the case of coal, part of the 
estimate stems from the much 

proportional forecasting error 
electricity. Because most of the 
domestic demand for coal results from 
thermal electrical generation require- 
ments, and because coal-fired electrical 
generation is widely used as a 'swing' 
source to accommodate short-term shifts 
in basic demands, a reduced demand for 
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and re-estimate the equations to remove 
bias. Provided such bias can be_ shown 
exist, an interim correction procedure 
the overall equations might be to 
projected growth rates from the 
estimated actual demands for the 
period. 


this 
to 
for 
apply the 
model to 
latest 


E. INDUSTRIAL PRICE RESPONSE 


In the course of some early simulations of 
the demand model which assumed a movement to 
international price levels, it appeared that 
the projected price response of industrial 
energy demands based on the estimated 
equation was unrealistically high in terms 
of energy demands per unit of output. This 
problem lends some weight to the argument 
that price elasticities or price sensitiv- 
ities based on a period of declining real 
prices might not be appropriate in a dif- 
ferent environment of large and rapid price 
increases. 


In the face of this problem, the procedure 
adopted for the Strategy Report was to 
reduce arbitrarily the price elasticity in 
the industrial sector by one-half. LSS eS 
not inconsistent with other price elasticity 
estimates which have been made for Canada 
and which have ranged between -0.3 and 
-0.5**, Other elasticities were left un- 
changed. The effect of this cut in the 
price coefficient (from -.59 to -.29) was to 
generate a reduction in per unit energy 
demand which appeared to be much more 
reasonable in terms of the kind of potential 
conservation savings which have been re- 
ported and which have been identified in 


electricity will have a considerably 
greater impact on the demand for coal, 
particularly in the short-term. Util- 
ities tend to maximize their production 
from hydro and nuclear sources, leaving 
other fuels, particularly coal, to 
produce the balance of demand. 

FF "Projections of 

Energy Demand, 


DataMetrics Limited, 
Alberta Aggregate 

1974=1985". “Joints =submigsion — of ~ Pan 
Alberta Gas Limited and the Alberta Gas 


Trunk Line, Limited, to Proceeding 6147, 


Alberta Energy Resource Conservation 
Board, May 1974. 

M. Fuss, "The Demand for Energy in 
Canadian Manufacturing: An Example of 
the Estimation of Production Structures 
with Many Inputs", Institute for Policy 
Analysis, Working Paper 7505, University 


of Toronto, December 1975. 


TABLE 64 
COMPARISON OF ACTUAL AND PROJECTED 
ENERGY DEMANDS FOR 1975 


h 
Actual Projected Difference 


(Tridlions ofeblunsy) 


Coal 626 (eV) Lid 
Oil t=. LPG 3615 3662 Liss 
Natural Gas 1473 1476 OF 2 
Electricity 905 954 5.4 
Primary Energy 7816 8040 2a, 


Note: Consumption of individual fuels does not sum to primary 
energy because of the nature of electrical generation and the 
way it is treated in arriving at an estimate of primary energy 
demand (See Annex III). 
TABLE 65 
COMPARISON OF DEMAND GROWTH RATES 


1975 - 1980 (HIGH PRICE SCENARIO) 


- ADJUSTED vs. UNADJUSTED 


Adjusted Unad justed 
(Strategy (Demand 
Report ) Model ) 
=Siie)e 
Coal 652 29 
Oil ~SLPE Deo sae 
Natural Gas 526 Din 
Electricity 6.0 4.9 
Primary Energy 4.6 4.0 
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discussions between industry representatives were incorporated in the demand model, 
and officials in Energy, Mines and Re- however, the regional intercept terms were 
sources, as well as in reports to the Office adjusted to force the projected results in 
of Energy Conservation. 1971 to equal the actual ones. There are 
arguments for and against this technique. 
It should be noted that the method by which If the 'errors' in 1971 were purely random, 
this reduced elasticity is incorporated into an adjustment may distort future projections 
the model leads to a lower price effect in in the same direction. To the extent that 
every year of the simulation -- both before the errors reflect more fundamental diffi- 
and after 1973. To the extent that demands culties with the projection equations, 
respond differently to price increases than however, these adjustments should lead to 
to price decreases, it might be necessary to improved projections. In any event, it is 
introduce an appropriate modelling mechanism clear that this procedure does result in a 
to allow changes in coefficients during the starting point for the projections which is 
projection period. This procedure would initially, at least, ‘on-track’. Further 
involve a change in the slope of the demand work is needed to improve the underlying 
function at a point in time without af- equations and to incorporate additional 
fecting the corresponding level of demand. error correction mechanisms into the demand 
model for at least the historical period. 
F. INTERCEPT ADJUSTMENTS The adjusted intercepts are presented in 
Table 66. 
Chapter 4 _ presents the equations’ as 
originally estimated. Before these equations 
TABLE 66 
ADJUSTED INTERCEPTS — 1971 BASE 
Breieash 
Atlantic Quebec Ontario Prairies Columbia 
Residential NO 19S -9.476 Oeil -10.226 = 0), 58 
Commercial 277-501. "=2147906 194.243. | -47,507, 9 51025557 
at - =hekoo 
Industrial les Meas -0.668 0.760 Lisl 55 1 
Steel/Coke ae ae eee aes ee a ee em ee (Cy ee) ee ee ee eae Ms 0? 
2. Sh-1 
Road/Gasoline 3.074 2.941 2,002 CmyA0ys) 
Road/Diesel -472151 -1645696 -2201051 -81908 -376256 
! S20 see 
Lubes and Greases 32026 2.893 2.968 3.046 
Seley! 2801S pa eh EROS TIBI! 22500 
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Annex II 


IMPROVEMENTS TO EXISTING MODEL 


of improvements’ which 
existing demand model 
major revisions or 
of these improve- 
thats ies tney are 
extensions to be 
are more appro- 
operating refinements 
improved User Option 
historical/projection 
linkages of exogenous variables) which could 
either be added to the current version of 
the model, or incorporated into future 
revisions. 


There are a number 
could be made to the 
before embarking on 
extensions to it. Some 
ments are '‘enabling', 
needed to allow further 
made to the model. Others 
priately described as 
(alternative tables, 
overrides, better 


A. INCREASED CAPACITY 

The existing EMR demand model reads in all 
data from one file and processes the entire 
model in a single pass through the program. 
It is currently running near the upper’ bound 
of the capacity of the EMR computer facil- 
SUVs Any increases. to the number OF: 
regions, sectors, fuels or time periods 
would not be possible without substantial 
modifications to the program. Even without 
these increases, however, there could ‘be 
advantages from a program requiring less 
computer capacity in terms of improved 
turn-around time for model simulations. 


In order to achieve these 
flexibility and speed, 
fringe benefit of 


improvements in 
together with a 
improved comprehensi- 
bility, work is underway to revise the 
computer program to put relatively more 
emphasis on reduced space requirements’ by 
means of increased use of intermediate file 
storage. Basically this means’ performing 
all calculations one year at a time and then 
Saving, the results —for) future sreeall Vand 
report generation. One potential disad- 
vantage of this method could be reduced 
transferability of the model to non-EMR 
users. More re-writing might be necessary 
by potential outside users to adapt the EMR 
model to the peculiarities of their system. 
Documentation of these changes will be 
available as they are implemented. Consid- 
eration is also ‘being given to using. an 
existing simulation package (e.g., the Bank 


Sy 


of Canada's SIMULATOR) and modifying 
meet EMR requirements. 


Eto slo 


B. IMPROVED HISTORICAL-PROJECTION LINKS FOR 
EXOGENOUS VARIABLES 


As diseussed “in Annex 25." Section —C,. sthe 
current energy demand projection procedure 
for incorporating exogenous economic assump- 
tions (past values based on latest 
historical data, future values derived from 
a projection of CANDIDE) can lead to some 
unsettling jumps between the historical and 
projected values. To overcome this’ problem, 
it will probably be necessary to build a 
small 'link' algorithm to take the values 
from the projection, calculate their rates 
of growth, and apply these rates the 
latest historically based value. These 
revised projections would then form a more 
consistent basis for the exogenous assump- 
tions used in the demand equations. 


to 


C. ADDITIONAL DISCRETIONARY OVERRIDES 


Similar to the past/future linkage problem 
for the exogenous assumptions is the one for 
energy demands. The demand model projec- 
tions actually begin in the year after the 
latest detailed historical data are avail- 
able (e.g., currently 1973), with the 
figures for the earlier years based on 
actual demands. Additional information on 
total fuel demands are normally available 
1-2 years ahead of the detailed sectoral 
information. Ideally, it would be desirable 
to take advantage of the information prov- 
ided by the inevitable discrepancies between 
actual and projected demands (for total 
fuels and, when available, for individual 
sectors) to modify all future projection 
values for which actual data is not yet 
available. While details of the method 
applied would need to be carefully worked 
out, it appears to be a calculation par- 
ticularly suited for computerized solution. 


In addition to improving the projections of 
future demands, the inclusion of the latest 
available data would help to reduce the hand 
calculations needed to compute the growth 


rates from a base year (e.g., 1975) to a 
future period. These are now automatically 
calculated by the program, but using only 
projected values, not actual results, for 
the base year. This is a minor item, but 
one of many which can help to speed up _ the 
overall process. 

Another option which would be desirable to 


include in the model 
allow the user to specify new price coef- 
ficients after a given date. This would 
provide the flexibility to investigate the 
implications of energy demand price elastic- 
ities which varied over time. In the 
current version of the model, all coeffi- 
cients must remain fixed over the projection 
period. This new option should be designed 
in such a way to avoid the need to modify 
the intercept terms as well as the _ price 
coefficient(s) when changes are _ made. it 
would probably be sufficient to allow the 
user to make up to two changes to the _ price 
coefficients over the projection period for 
each sector in which prices play a role. 
The timing of these changes should be 
optional and not necessarily at the same 
date in each sector. Finally, this option 
should be compatible with the lagged price 
effect option to allow both to be used 
simultaneously. 


is one which would 
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D. ADDITIONAL DESCRIPTIVE TABLES AND CHARTS 


Over and above the current set of tables 
(which number in excess of 200 pages per 
Simulation depending on which years are 
requested by the user), there is still room 
to provide information in more useful 
formats on the results of the run. The 
present format is largely a product of the 
way in which the program was originally 
developed. Several items that are on the 
EMR list for future revisions include: 

- time series projections of total indus- 
trial demands, by region, including coal 
used for coke; 

- time series projections of total non- 
energy demands, by region; 

- time series;. for’ each -region,. of the 
principal energy demand aggregates (e.g., 
residential, industrial, secondary, non- 
energy, primary); 

- a summary table describing the principal 


results and assumptions of the simulation, 
and 
of 


- charts plotting the principal results 


the simulations over time. 


Annex III 


DEFINITIONS OF ENERGY DEMANDS 


In the course of this report, reference has 
been made to a variety of terms to measure 
the quantity Of energy demanded or 
consumed. This annex defines these terms 
and puts forward a suggested framework for 
describing energy demands in a _ consistent 
manner. 


There are two ways of calculating the total 
domestic demands for energy resources within 
any region. The first is fuels oriented 
measuring the domestic disappearance of each 
fuel and then summing across fuels. The 
second approach is based on sectoral - demands 
-- adding up the demand for energy on a 
sector-by-sector basis. In principle, both 
approaches should yield identical answers, 
after appropriate adjustments, aside from 
the inevitable errors in measurement. 


The focus of this annex is total ‘'primary' 
energy demand the total quantity of 
energy resources required to satisfy the 
domestic demand by final consumer for’ energy 
products. This is defined to include energy 
resources put to non-energy uses (such as 
petrochemical feedstocks); conversion losses 
in the production of immediate fuels (e.g., 
electricity); energy used in the energy 
supply industries (A. 2.4 natural gas 
pipeline fuel), and primary electricity 
demands assessed at their fossil fuel 
equivalent. 


A more comprehensive definition of domestic 


energy demands is, of course, possible. ae 
would include the energy content of goods 
and services imported into the country (or 
region) and exclude the energy contained in 
exports. It might cover all losses of 
energy back to the original production site 
-- including that wasted or made 
non-recoverable by the nature of the 
production process (e.g., natural gas flared 
in the production of oil). For purposes of 
this report, such a definition is rejected 
on practical grounds -- it cannot be 
implemented from the existing body of 
statistical information relating to energy 


consumption. 
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A. SECTORAL DEMANDS 


The calculation of total primary 
demands on a sectoral basis can be 
into, four stages: 


energy 
divided 


Secondary Demand 


This category includes all 
used by energy consumers in its final form. 
Le covers energy consumed in the 
residential, commercial and transportation 
sectors. It does not, however, include the 
consumption of energy resources for other 
than energy purposes (e.g., petrochemical 
feedstocks, lubricants, asphalt). Coal used 
for cokeiin. the produetion. of Garon) falls in 
between these separate ctegories, and for 
purposes of this report it has been included 
in’ **the ‘Industrial “portion of secondary 
energy demand. 


energy actually 


End-Use Demand 


In addition to secondary demands, this 
category includes all the non-energy uses of 
energy resources which are excluded from 
secondary demands. It provides a summary 
measure of the energy resources consumed to 
meet final demands, while excluding the 
consumption of the energy supply industry. 


Net Primary Demand 


This category includes all of the end-use 
consumption of energy plus the energy 
consumed by the energy supply industries in 
producing all of the individual energy 
products. As separate sub-divisions, at 
contains the conversion losses in the 
generation of electricity from fossil fuels, 
and the own-use of fuels by each of the 
energy supply industries. These own uses 
cover: electricity transmission losses; 
crude oil refining use and losses; pipeline 
fuel to move Canadian natural gas to 
Canadian markets, and any coal used in the 
production of coal. 


Gross Primary Demand 


This final total adds to net primary demand 
a 'fossil fuel equivalent’ adjustment for 


the quantity of primary electricity (hydro 
and nuclear) consumed. Ages adjustment 
increases the primary electricity component 


of net primary demand from 3,412 BTU/Kwh to 
10,000 BTU/Kwh. It provides an indication 
of how much fossil fuel energy would be 
required if primary electricity resources 
were not available. It also facilitates 
both inter-regional and intertemporal 


comparisons of energy consumption when the 
shares of primary electricity differ widely 
(e.g., Quebec versus Nova Scotia). 

B. FUEL DEMANDS 

The other approach to an estimate of total 
primary energy demands iS through the 
summation of the domestic disappearances of 
the individual primary fuels. Because of 
the nature of the primary energy demand 
concept, of course, there is some overlap in 
the estimation methodology between this and 
the sectoral approach. 

Coal 

The primary demand for coal consists of the 
total domestic availability of coal 
(production plus net imports minus’ stock 
changes), plus the coal equivalent of the 
net imports of coke and coke oven gas (i.e., 
the availability of coke and coke oven gas 
less domestic production, grossed up to its 
coal equivalent by the domestic coal/coke 
conversion factor). 

Natural Gas 

As defined in this report, the primary 
demand for natural gas includes all gas 
available for the domestic market after 
passing through gas processing plants 


(marketable gas). Gas exports and pipeline 
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fuel required to move those exports to 
border are excluded, while the pipeline 
used to move Canadian gas to 
markets through the United 
included. 


the 
fuel 

Canadian 
States is 


Petroleum 


In addition to all petroleum based products, 
this category includes liquefied petroleum 
gases, whether produced from natural gas (at 
the processing plants) or from oil at 
refineries. The gross primary availability 
of crude oil and liquefied petroleum gases 


consists of production plus net imports 
minus stock changes. To estimate primary 
petroleum demand, it is necessary to add 
imports (grossed up by the domestic refinery 
use factor) and subtract exports and _ stock 
changes for all petroleum products 
(including LPG's). 

Primary Electricity 

The primary demand for electricity covers 
only that portion of domestic electrical 
demand supplied from hydro and nuclear 
sources. In the process of allocating all 
sources of electricity production to the 
domestic market, it is arbitrarily assumed 
that all inter-regional trade in electricity 
is produced from primary sources, whereas 
fossil fuel generation is reserved for the 


regional market. The total primary domestic 
availability of electricity (after deducting 
net exports) is inflated to a fossil fuel 
equivalent primary energy basis by assuming 
that it requires 10,000 BTIU's to produce 
1 Kwh of primary electricity. 


C. CALCULATION OF PRIMARY ENERGY DEMANDS 
FOR 1973 


Tables 67 and 68 present estimates of total 
gross primary demands for 1973 according to 
the definitions outlined above. 


TABLE 67 


SECTORAL ESTIMATE OF PRIMARY ENERGY DEMAND 


(1973) 


Residential and farms 
Commercial 
Industrial 


Ex. coke and coke oven gas 
Coke and coke oven gas 


Transportation 


Road - motor gasoline 
- diesel 

Rail 

Air 


Marine 
SECONDARY DEMAND 


Non-Energy Use 
Oil 
Petrochemicals 
Lubes and greases 
Asphalt 
Naptha and others 
Gas petrochemical 


END-USE DEMAND 


Energy Supply Industries Own-Use 
Coal 
LPG 
Oil 
Gas 
Electricity 


Fossil Fuels Used to Generate Electricity 
Coal and coke 
Oil and LPG 
Gas 
Less electricity generated 


NET PRIMARY DEMAND 


Adjustment to Fossil Fuel Equivalent for 
Primary Electricity (659) 


GROSS PRIMARY DEMAND 


Losses and adjustments 


GROSS PRIMARY DOMESTIC DISAPPEARANCE 


156 


Trillions 


of BIU's 


1,095 
744 
CE612)) 


1,396 
216 


(1,461) 


1,049 
71 

96 
120 
125 


(356) 
(281) 


130 


W272 


4,912 


5,268 


6,145 


et, 


62 


7,479 


TABLE 68 
DOMESTIC DISAPPEARANCE OF PRIMARY ENERGY, 1973 
SS ee No eet 


(trillions of BTU's) 


Coke and Coal 


Production 471 
Reduction in Stocks 10 
Imports 439 
Exports -286 634 


Natural Gas 


Production pam 
Less: flared & waste wife, 
injected & stored -368 
Net withdrawals Seo 
Less: field & gathering system disposition ~49 
processing shrinkage -470 
other disposition = 156 
Deliveries of marketable gas 2,444 
Reduction in stocks —30 
Imports 15 
Exports =i Og 
Pipeline fuel for exported gas =19 1.355 


Petroleum & LPG 


Production ST. 
Reduction in stocks -68 
Imports 2 054 
Exports -2 ,804 Sie ye) 
Blectricity* 
Primary Production (Hydro & Nuclear) (707) 
Hydro 658 
Nuc lear 49 
Imports 8 
Exports =50 659 
NET PRIMARY DOMESTIC DISAPPEARANCE OFZ 07 
Adjustment for fossil fuel equivalent 
of hydro and nuclear electricity (659) pape! 
GROSS PRIMARY DOMESTIC DISAPPEARANCE 7,479 


* Thermal electricity generated by fossil fuels is accounted for in the 
fossil fuel figures. 
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